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Opening:  Die  -  Heads.  —  When  cutting 
_  ew3  on  tlie  capstan  lathes  and  automatics, 
^Die  irute  of  time  caused  by  having  to  run  the 
dies  off  the  work  after  sere  wing  can  he  avoided 
by*  employing  opening  heads,  fitted  with  chasers 
which  recede  from  the  work  at  a  certain  point, 


inwards  or  outwards.  In  theLr  working  state 
they  stand  tui  seen,  and  are  kept  closed  by  & 
catch  E^  seen  in  the  face  view.  As  a  sci*ew  is  cut, 
the  turret  stops  in  its  travel  and  checks  the 
shank  a  ;  but  the  portion  B  has  a  little  freedom 
endwise,  sliding  over  a  sleeve  screwed  into  A^ 
the  sleeve  being  encircled  with  a  spring.  As  B 
draws  away  from  a,  the  catch  e  is  released  and 
the  ring  c  turns  quickly  under  the  iuduence  of 


E=[       Fig*  1. — Opening  Die  He*cL 


tamblisg  the  head  to  be  instantly  drawn  back. 
One  ol  the  commonest  types  in  use^  by  the 
Geometric  Tool  Company,  is  shown  in  front 
view  and  in  section  by  Fig,  L  Tliere  is  a 
shank  A  held  in  the  turret ^  and  a  body  %  on 
which  fita  a  cam  ring  c,  holding  the  chasers  d 
by  cam  grooves  at  their  rear.  It  will  be  obvious 
that  if  c  is  revolved^  the  chasers  must  be  moved 


a  spiral  spring  fitted  iu  a  groove  (see  the  front 
view),  throwing  the  chasers  off  the  thread. 
There  is  an  arrangement  at  the  back  of  the  head^ 
indicated  in  the  face  view,  for  altering  the  sue 
which  the  chasers  will  cut,  by  means  of  a  couple 
of  screws  J  so  that  variations  may  be  made  in 
the  diameters  of  the  work.  If  d^ired,  the  die 
may  be  opened  by  the  handle  at  the  top,  while 
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the  other,  screwed  in  at  the  bottom  serves  to 
close  automatically,  by  its  contact  with  a  strip 
fastened  to  the  edge  of  the  turret  slide. 

Open  Joint. — A  form  of  joint  of  much 
value  in  pattern  work,  employed  to  secure  per- 
manence of  form.  The  edges  of  boards  in 
broad  patterns  are  kept  apart  by  from  ^^  to 
\  in.,  with  the  result  that  the  boards  may 
expand  in  the  damp  sand  without  warping,  or 
making  the  pattern  as  a  whole  wider.  The 
boards  are  retained  flush  with  dowells,  and 
secured  with  battens,  flanges,  ribs,  or  other  por- 
tions of  the  patterns.  Examples  are  broad  engine 
and  pump  beds,  and  plated  centres  of  wheels. 

Open  Mouthed. — Signifies  the  gullet  or 
gap  form  of  opening  in  a  punching  or  shearing 


ing  boxes,  back  plates ;  and  in  outside  work, 
for  kentledge,  or  balance  weights,  sometimes 
for  fire-bars.  As  the  only  time  saved  is  that 
of  the  ramming  of  a  top,  the  economy  of  open 
sand  moulding  is  not  great.  The  moulding  is 
done  by  the  method  of  beddiifg  in,  or  in  many 
cases  by  the  use  of  strickles  and  sweeps.  But 
Venting  of  a  bottom  bed  is  not  necessary, 
because  the  gases  get  away  through  the  open 
surface  of  the  metal.  It  is  necessary,  however, 
to  make  the  moulds  deeper  by  from  J  in.  to  1 
in.  than  the  castings  are  required,  and  to  pro- 
vide flow-oflf  channels  at  the  height  correspond- 
ing with  the  depth,  or  thickness  of  the  casting. 
The  metal  flows  away  when  that  depth  is 
reached.     Without  this  it  woujd  not  be  easy  to 


ViV  3.'--Op6i!^u01e  Headstock. 


machine,  or  hammer,  or  pres8,^S;§adiatinguished 
from  the  arch,  or  close  mouth  fotilj.wjrf^Klimits 
the  width  of  work  that  can  t^'iAtrol>iuc^(Ji»  j  ^ 

Open  Rods. — When  the  fidl  (Jf.ercenjritf 
sheaves  lies  between  the  crank  axle  and  the 
link,  then,  if  the  eccentric  rods  are  open,  the 
above  term  applies.  If  they  cross  each  other 
in  that  position  of  the  sheaves,  the  term  crossed 
rods  is  applied.  The  open  rod  arrangement  is 
more  favourable  to  equality  of  lead  at  each  end 
of  the  stroke. 

Open  Sand  Moulding.— Making  moulds  to 
be  poured  without  a  top  box.  It  is  only  adopted 
for  the  roughest  kind  of  work,  because  the 
top  faces  of  the  castings  are  rough  and  uneven. 
It  is  generally  reserved  for  the  appliances  of 
the  foundry,  as  core  plates,  loam  plates,  mould- 


regulate  the  exact  amount  of  metal  to  be 
poured,  and  if  it  were  to  overflow  all  round  the 
edges,  the  removal  of  the  fin  would  be  trouble- 
some. As  there  is  no  top,  it  is  necessary  to 
hold  down  isolated  cods  of  sand  with  weights, 
otherwise  the  upward  pressure  of  the  metal 
would  detach  them.  Thus  in  a  moulding  box, 
every  mass  of  sand  between  the  bar  spaces 
must  be  weighted. 

Open-Spindle  Capstan  Lathe.— The  dis- 
tinguishing feature  of  this  lathe  is  the  work 
spindle,  which  is  cut  through  to  form  a  clear 
opening,  in  which  the  operator  can  place  his 
hand  to  manipulate  the  bar  which  is  being 
turned,  and  which  also  receives  the  heads  of 
bolts  and  pins  that  are  being  turned  at  their 
ends.      ^ig.    2,    Plate   I.,   shows    a    lathe   of 
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this  class,  and  the  drawings,  Figs.  3  and  4, 
some  details.  The  section  of  the  headstock, 
Kg.  3,  shows  the  spindle  a,  with  its  nose  fitted 
with  a  screwed  nut  b,  which  is  tightened  up  with 
the  large  spanner  shown,  and  forces  a  set  of  three 
tapered  grips  c  into  the  nose,  so  closing  them 
around  the  bar.  While  the  spanner  is  being  used, 
the  spindle  is  locked  by 
turning  the  handle  d 
seen  at  the  centre,  caus- 
ing a  stopper  to  rise  and 
jam  the  spindle. 

The  capstan  rest  is 
seen  in  Fig.  4.  It  is 
locked  in  any  of  its  five  posi- 
tions by  a  handle  engaging  in 
taper  notches  at  the  base.  The 
cross-feed  of  the  slide  is  given 
by  hand,  and  the  longitudinal 
sliding  motion  is  eflfected  by 
hand,  or  by  self-acting  feed, 
from  the  spindle  to  Lang's 
handle  feed  motion  in  front  of 
the  bed,  to  the  feed -shaft, 
thence  through  worm  gearing 
to  the  rack  pinion.  The  feed  is 
put  in  by  tightening  the  wing 
nut  on  the  front  of  the  disc, 
which  binds  it  to  the  other  disc 
mounted  on  the  sleeve  of  the 
worm  wheel.  A  screw-cutting 
die-head  mounted  on  the  rear 
of  the  capstan  saddle  can  be 
brought  into  use  when  re- 
quired, by  pulling  it  over  into 
line  with  the  work.  The  rest 
in  Fig.  2  is  of  diflferent  type 
to  that  in  Fig.  4. 

Order  Numbers.— Num- 
bers stamped  in  rotation  on 
drawings,  patterns,  castings, 
forgings,  plated  work,  <fec.,  to 
which  the  time  and  materials 
are  charged,  and  by  which  the  numerous  jobs 
are  individualised.  Time  is  saved  in  clerical 
work,  and  a  record  is  kept  thereby  of  all  jobs. 
When  numbers  become  unwieldy,  say  over  1,000, 
or  10,000,  they  begin  again,  and  each  batch  is 
prefixed  by  a  letter  A,  B,  C,  &c.  Patterns, 
core  boxes,  templets  and  jigs  are  stamped  with 


these  numbers,  and  they  are  used  in  the  office 
books,  or  on  cards. 

Ordinate. — An  ordinate  is  a  line  of  refer- 
ence which  partly  determines  the  position  of 
a  point.  Thus  in  Fig.  5,  ab,  cd  are  two 
axes  cutting  each  other  at  right  angles ;  if  any 
point  p  be  taken,  its  position  is  located  if  we 


Fig.  4. — Capstan  Rest. 

know  the  distances  Pa,  p6  in  the  same  (as 
points  on  the  map  are  referred  to  by  means  of 
lines  of  latitude  and  longitude).  p6  is  called 
the  ordinate  of  the  point  p  ;  o6,  the  abscissa ; 
and  p6,  o6  are  called  co-ordinates. 

Ores    are    mineral    substances    containing 
metals.     The  metals  are  chemically  combined 
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with  one  or  several  non -metallic  elements,  so 
that  their  true  character  may  be  completely 
disguised.  The  chief  chemical  elements  with 
which  they  combine  are  oxygen  to  form  oxides, 
sulphur  to  form  sulphides,  chlorine  to  form 
chlorides  J  and  with  sulphuric,  carbonic,  phos- 
phoric, silicic  acids,  ikc,  to  form  sulphates,  car- 


r 
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Fig.  5. — Ordinate. 

bonates,  phosphates,  and  silicates.  T4ie  metalu 
are  freed  from  combination  with  these  substances 
by  roasting,  smelting,  or  other  processes.  Some 
of  the  worthless  portions  of  this  mass,  ealle*!  the 
gangti^j  m<Urm,  r^instu£\  or  tmnrock^  may  be 
sefMirated  by  purely  mechanical  means. 

Ores  occur  in  all  classes  of  rock  in  the  earth's 
I  crust ;  in  igneous  i\3cks  which  were  once  in  a 
f Molten  state,  in  sedimentary  rocks  formed  by 
the  deposition  of  material  by  water,  and  in 
metam Orphic  rocks,  which,  originally  laid  down 
by  the  action  of  water  have  been  changed  by 
the  action  of  fire,  pressure,  or  chemical  agency, 
Borne  ores,  as  well  as  native  metals  are  found 
as  alluvial  deposits  which  have  beejj  brought 
dawn  from  higher  grounds  through  the  agency 
of  water  and  deposited  in  the  river  valleys. 
In  the  case  of  gold  such  deposits  are  called 
placet's. 

In  addition  to  alluvial  deposits,  ores  occur  in 
veins,  beds,  or  masses.  A  vein  or  lode  ia  a 
deposit  filling  a  more  or  less  vertical  fissure  or 
crack  in  the  ground.  These  ai'C  found  oftener 
in  the  older  stratified  formations,  but  some 
gccur  in  tertiary  I'ocks.  One  theory  of  the 
formation  of  veins  is  that  the  metal  in  the 
adjoining  rock  masses  became  dissolved  out  by 
percolating  water,  and  deposited  in  the  fissure  ; 
another  theory  claims  that  the  ore  wa^  deposited 
from  hot  minei^al  water  ascending  through  fis- 


sures. Radium  was  discovered  in  such  deposits 
from  the  hot  mineral  water  of  Bath  by  the 
Hon.  R,  J,  Strutt,  son  of  Lord  Rayleigh,  The 
extent  and  dimensions  of  veins  vary  very  widely, 
A  ga^h  veAn^  as  it  is  called,  goes  but  a  short 
depth  into  the  ground,  and  extends  no  very 
great  distance  longitudinally.  The  Comstock 
lode  has  lieen  tt^ced  to  a  depth  of  3,000  feet, 
and  the  famous  Mother  Lode  of  California  has 
been  followed  for  a  distance  of  seventy  mUes. 
Its  thickness  may  be  but  a  very  few  inches, 
or  over  one  hundred  feet,  the  thickness  being 
always  taken  across  the  vein  at  right  angles  to 
the  walls.  The  walls  of  a  vein  are  distinguished 
as  the  hangifig  wall — the  upper  one,  and  the 
foot  toall — the  lower  one.  The  walls  are  some- 
times lined  with  clay,  technically  called  gomje^ 
tt^hmge,  ovjliican.  The  rocks  in  wliich  the  \'ein 
occurs  are  designated  as  the  countrt/j  or  amnU'y 
rock.  The  outcrop  (or  ape^  in  U.S.A.)  is  that 
part  of  the  deposit  exposed  at  the  surface.  The 
dip  is  the  inclination  downwards  from  the 
horizontal,  and  the  shrike  the  direction  the  vein 
takes  across  country.  Veins  vary  in  productive- 
ness, and  theae  varying  degrees  of  richness  am 
denoted  by  many  terms  as  ctjurm,  bufich^  ;jip^, 
bofianzaf  leader j  shoot  or  ckute^  pocket ,  chimnci/* 

A  Htjckivork  is  a  mass  of  rock  permeated  with 
an  enomious  number  of  very  minute  veins.  Tm 
ore  is  mine<l  from  such  deposits  in  some  districts 
of  Cornwall,  Most  of  these  and  other  terras 
relating  to  ore  deposits  originated  in  Cornwall 
where  the  mining  industry  has  nourished  since 
the  days  of  the  Phoenicians.  Most  of  the  metals 
occur  in  veins. 

A  bed  or  sea^i  is  a  sheet-like  layer  of  ore 
interposed  between  rocks  of  sedimentary  origin. 
As  in  the  ease  of  veins,  a  bed  may  vai'y  consider- 
ably in  length,  breadth,  and  thickness,  but  vai'ies 
less  in  regularity  of  composition,  length,  bi^adth, 
&c.,  than  a  vein.  Its  continuity  may  have  been 
interrupted  by  igneous  agency,  or  by  the  bed  of 
an  ancient  river,  resulting  in  the  latter  case  in 
what  is  known  as  a  tvwfhoutf  or  dumb  fault. 
Many  of  the  terms  used  in  the  nomenclatui-e 
of  veins  apply  also  to  beds.  The  upper  bed  is, 
however,  called  the  rooj\  and  the  lower  one  the 
Jioor,     Several  of  the  metals  occur  in  beds. 

Ma^sen  occur  in  igneous,  sedimentary,  and 
metamorphic  rock,  and  may  best  be  described 
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as  trreguliir  brant^htmg  eavitiee  in  the  rock  tilled 
witB  Of©-  The  red  hiematite  mmed  at  Ulver- 
stone  in  LancftS>bire  occurs  in  niasses,  and  m^  too 
does  the  iwm  ore  in  C\iiiiberland. 

Detaib  of  the  ores  of  the  chief  metals  used 
ill  ^igineeiing  are  given  below : — 

^ine :  Ch^ifOrm. — %v^  xiiie  aulphide,  blende, 
sphaleiite  or  hlaek  jack,  which  oceurs  as  a 
crystalline  miueral  ci^loured  by  the  presence 
of  iron  and  other  impurities^  and  contains, 
when  pure,  67  per  cvjit.  zinc  and  33  per  cent. 
sulphur.  It  is  frequently  found  associated  with 
gpJena  :  ZnCOj,  idnc  car  bona  te,  calamine,  smith- 
aonite  or  xinc  spar ;  often  associated  with 
dolomite;  ZnO|  rine  oxide,  or  red  zinc  ore. 
This  metal  occurs  in  U.S.A.,  Germany,  Itah% 
BpaiD,  Belgium,  and  in  small  quantities  in 
Great  Britain  (W'ale^,  I^te  of  Man,  Cumber- 
land). 

C€f^>er ;  Ores. — CuFeS.^^  or  yellow  copper  ore, 
a  oompoimd  of  copper,  iron,  and  sulphur ;  the 
most  commonly  occurring  ore,  containing  about 
55  per  cent,  of  copper  when  punB,  though  this 
perv^ittai^  of  the  metal  is  not  obtained  owing 
to  tbe  luTge  proportion  of  impurities  present ; 
On^  cuprous  sulphide,  or  copper  giants? ; 
CuCOj|  +  Cu(OH)^,  green  copper  carbonate,  or 
malAcbtte,  containing  w!ien  pure  nearly  *"iT  per 
aent.  cf  copper ;  Cu.,0,  red  copper  ore^  ruby 
odfiper,  or  cuprite,  containing  when  pure  nearly 
90  per  cent,  of  copper ;  CuO,  black  copper  ore 
or  tenorite.  Copper  is  also  frequent  in  other 
ores,  and  occurs  native  on  the  southern  shores 
of  XiUie  Superior^  Copper  ore  is  mined  chiefly 
in  XJ.8,A.,  Spain,  3lexico,  Jajmii,  Australia, 
Chili,  Germany,  and  to  a  small  extent  in  the 
United  Kingdom  (Cornwall  and  Wales).  Since 
IS60  the  production  of  tliiii  ore  in  Englantl  has 
steadily  and  very  considerably  deelinefL  The 
ore  a  chiefly  smelted  at  S^^ans^, 

iron 
mexj^oAoad^e^  specular  Iron  (ire,  or  i^  hiematitc, 
oositaining  up  to  70  per  cent,  of  irtm ;  2Fejy^ 
5H^O,  ferric  oxide  combined  with  water ^  and 
termed  brown  hipmatite  or  Umonite;  Fe^O^, 
hlttck  o^cide  of  iron,  magnetic  iron  ove^  magne- 
lilev  <>i*  i^^^^tonev  a  vt^rj^  valuable  ore  crystallised 
ill  ocMiadra  containing  72  per  cent,  of  iron 
when  puf^;  FeCO^  ferrous  carbonate^  spathic 
(i^fttlioae  or  sparry)  iion  ore,  with  about  iS  per 


Org$* — Fe^Og,    ferric    oxide,   or  iron 


cent*  of  iron ;  the  latter  is  found  mixed  with  clay, 
hence  called  clay  ironstone,  and  is  the  source 
of  the  gi-eater  part  of  our  iron — obtained  in  the 
Cleveland  district ;  %^th  coal  the  same  ore  is 
called  black  band — obtained  in  Stafibrdshire  and 
Lanarkshire ;  Fe8^,,  ferric  disulphide,  largely 
used  in  the  prodnctiou  of  sulphuric  acid. 
Native  iron  of  meteoiic  origin  is  also  found  in 
masses  of  varying  weight.  Iron  oiie  is  raised 
in  tile  following  countri«>s  in  the  order  given  r^ — 
U.S.A.,  Germany,  United  Kingdom,  8pain, 
France,  Hussia,  Sweden  (magnetite  at  Danne- 
mora,  whei"e  mine3  have  been  worked  since  the 
fifteenth  centnry).  Until  1890  Gi-eat  Britain 
letl  among  pig-iron  prt>ducing  countries,  but 
lost  her  supremacy  to  U.S. A.  and  now  occupies 
the  third  position. 

J^^'iekfi:  Orr  — NLAjs,  nickel  arsenide^or  kupfer- 
niekel.  Occurs  also  with  cobalt  in  speiss^  and 
in  magnetic  pyrites. 

Tin:  Ore. — SnO^,  tin  dioxide,  stannic  oxide, 
tin  stone,  or  Ciussiterite^  with  abi>ut  78  p^'r  cent, 
tin  when  pure,  Stream  tin  is  the  same  ore 
obtained  from  alluvial  sources^  The  Fha^nicians 
called  our  islands  the  Cassiterides  or  Tin  Islands, 
this  metal  having  been  worked  in  Cornwall  and 
Devon  from  mmote  times.  Tlie  output  of  ore 
in  tliese  counties  is  still  greater  than  that  of 
any  European  country.  The  chief  sources  of 
tin  ore  are  the  Federal  ted  Malay  States,  followed 
by  Bolivia,  the  Dutch  Etist  Indies,  Austnilia, 
and  Great  Britain.  Metallic  tin  is  not  found 
native  anywhere. 

Letid :  Orm. — PbS,  lead  sulphide,  or  galena, 
of  brittle,  grey,  cubic,  crystalline  fonn,  and 
usually  accompanied  by  silver  (most  of  the  lead 
of  commerce  is  obtained  f  i^om  this  ore) ;  PbCO, 
lead  carbonate,  or  cerusite.  Lead  is 
seldom  found  in  a  native  state.  The 
countries  in  which  ore  is  mined  are  i^U.S.A., 
Spain,  Germany,  Australia,  Mexico,  Italy,  Gredt 
Britain  (CoiTiwall,  Derbyshii'e,  and  Cumber 
land). 

Bismuth:  Ores. — BLS^,  bismuth  sulphide  or 
bismuthite ;  Bi^Og,  bismuthic  oxide  or  bismuth 
ochre ;  it  alio  occurs  in  a  native  state.  It  is 
mincfl  in  SaiLony,  Cornwall,  France,  Siberia, 
Peru, 

A  u  iiniony :  Ore.  — ^b^^^j  ^"  timony  trisulphide, 
antimouious  sulphide,  or  stibnite.     Also  found 
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native*     It  is  mined  in  France,  Malay  Penin- 
fiula,  Borneo,  and  fonnerly  in  Britfiin. 

Mamgan€»e:  Ores, — MnO.f,  manganeije  di- 
oxide^ peroxide  of  nianganesOi  pyrolwsite  or 
varvicite ;  MHjjOjji  niatiganic  oxide  or  braunite  ; 
MnCOj^,  manganous  carbonate  or  manganese 
spar ;  Mn,^0^,  triniangaiii<i  teroxide,  or  liaus- 
maniiite :  Mn.jOjj,H.,0,  manganie  hydrate,  or 
n>angantte.     Manganese  ofte^i  aReompanies  iron. 

Ores  —  Mechanical    Treatment   of.  — 

Oi'ff  Crushim/. — MetJilliferoiis  orey  usually  e<»n- 
stat  of  somewhat  bard  rock,  and  in  carder  that 
the  metak  they  contain  may  be  extracted  from 
them,  they  liave  tc»  be  cnished  to  veiy  fine 
powder,  or  H&nd,  ivs  it  is  ealled.  The  tire  is 
brought  out  of  the  mine  ubimlly  in  large  in^gular 
blocks,  looking  merely  like  the  blocks  <jf  stone 
lone  aeea  on  the  sea-shore,  but  if  handled,  they 
[are  found  to  be  very  much  hea\'ier,  and  they 
are  crushed  by  passing  the  stone  tlirt»ugb  a  series 
of  machines,  each  of  which  carrier  the  process 
one  step  fui*tlier.  The  rough  ^stone  blocks  are 
firj^t  broken  by  a  st-one  bleaker,  ct>n  Bis  ting  of  a 
pair  of  massive  jaws,  one  of  which  is  fixed  to 
the  bfxiy  of  the  nuichine,  and  the  other  is  nio%W 
to  and  fro  by  power  applied  in  any  convenient 
way.  The  imsidew  of  fclte  jaws  are  usually  lineil 
witli  i^emovable  steel  plates,  and  the  blocks  of 
ore  are  fed  to  the  opening  between  the  jaw's  at 
the  top,  the  st*>ne  being  crushed  by  the  to-and- 
fro  action  of  the  moving  jaw,  and  passing  out 
at  the  bottoni  in  pieces  ranging  inmx  ^  in. 
across  up  U)  alxjut  2  in*  Fig*  6,  Plate  I.,  illus- 
trates a  Blake  type  of  stone  breaker,  made  by 
the  Sandycroft  Foundry  Co.,  Lt^l.  It  has  a 
jaw  opening  measuring  24  in.  x  I'J  in.,  capable 
of  taking  a  bloc^k  of  8|  tons  in  weight.  Smaller 
sizes  ai^e  also  matle,  dowji  U>  10  in.  x  8  in.  of 
jaw  opening,  taking  pieces  up  to  '2  tons.  There 
is  anotht>r  form  of  jaw  ci'Usjhei-j  arranged  to 
crush  tJie  ore  to  smaller  pieces,  about  the  size 
of  A  nut,  the  jaws  in  this  case  being  smaller, 
the  ort^  l>eing  fed  to  them  from  a  hopper  above, 
and  the  space  between  the  ja\^a  at  the  bottom, 
througli  which  the  crushed  material  passes, 
being  also  snlalle^^  In  another  fonn,  termed  a 
gyratoiy  crusher,  a  %'crtieal  cone  is  fittefl  with 
wings,  i^r  Hutes  extenditig  radially  from  it,  and 
revolving  within  a  conical  shell  containing 
chilled  iix)n,  or   steel   liners.     The  ore  in   fed 


into  the  apparatus  from  the  top,  and  is  cmsherl 
between  the  wings  of  the  revolving  portion  and 
the  liners,  passing  out  at  the  bottom  in  pieces 
of  about  24  in.  across.  The  bottom  of  the  shaft 
runs  in  an  eccentric  bush,  so  that  the  cone  is 
given  a  gyratory  motion. 

From  the  stone  breakers  the  pieces  of  ore 
are  cai'ried  to  roller  crushers,  which  are  of 
various  forms,  but  all  have  pairs  of  rolls  fitted 
with  chille<l  iron  or  steel  sleeves,  fixed  on  cast- 
ii'on  centres,  the  rolls  being  arranged  to  revolve 
towards  each  other,  and  being  held  tiugether  by 
powerful  springs,  and  also  sometimes  protected 
by  housings,  Tlie  ore  is  fed  t-o  the  apace 
between  the  rollers,  and  ia  crushed  by  them  as 
it  passes  thn.mgh,  to  a  certain  fineness,  usually 
up  to  about  a  20  to  30  mesh,  that  is  to  say,  the 
substance  coming  from  the  rolls  will  pass 
through  a  sieve  having  20  to  30  spaces  to  the 
lineal  inch.  A  fan  is  also  sometimes  fixed  k* 
the  hou.^iiig  enclosing  the  i-olls^  by  which  the 
^ne  duat  is  drawn  off. 

Gtinding  Mil  Is. — Fmm  the  crushing  rolls  the 
air  passes  sometimes  to  stamps,  and  sometimes 
to  grinding  miUs.     See  Ore  Stamps. 

Several  forms  of  grinding  mills  are  em- 
ph»yed,  as  the  Huntington,  the  ball  mill,  the 
tube  mill,  the  Griffin  mill,  and  others.  In 
the  Huntington  and  the  Griifin  mlllB,  and  in 
some  other  forms,  there  is  a  shallow  steel 
trough  fixed  horizontally,  into  which  the  ore  to 
he  ground  is  fed  by  a  hopijor,  and  there  are 
one  or  more  vertical  rod>i,  pivoted  above,  and 
carrying  at  their  lower  ends  i-ollers,  which  are 
arranged  to  run  eccentrically  on  their  vertical 
axes,  and  t<j  roll  on  the  inside  of  the  vertical 
portion  of  the  steel  trough  in  which  the  ore 
is  lying,  the  action  of  the  steel  rollers  upon  the 
edge  of  the  ti'xjugh,  grinding  the  ore  to  a  very 
fine  powder.  Tiie  oi^  is  supplied  to  these  mills 
in  sizes  not  larger  than  |  in.  across,  and  is 
gi'adually  ground  down  till  it  will  pass  through 
a  sieve  having  2,500  holes  per  8quai*e  inch.  In 
the  ball  and  tube  mills,  thei"e  are  stt^l  drums  or 
cylinders,  divided  into  sections  by  haixi  steel 
plates,  and  carrying  on  the  inside  a  number  of 
liard  steel  balls.  The  ore  is  fed  into  the  drum, 
and  when  the  latter  is  iT\olverl,  the  balls  on 
the  inside  mb  against  the  steel  hning  plates, 
grinding  the  oi'e  between  them  and  the  plates, 
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and  breaking  it  up  to  the  ahe  nientionetl 
above. 

Ore  MilL  ~  By  aii  ore  mil!  is  unclf  rstoocl 
tJie  complete  plant  for  handling  the  oi'e  as  it 
comes  from  the  mine.  The  oi'e  is  brtmght  frrjni 
the  mine  to  the  mill,  usually  in  trucks  running 
on  a  tnimway,  carried  overhead  on  timber  fir 
other  fiuppoi^,  which  should  carry  it  to  the 
leirel  of  the  top  of  the  mill.  If  this  uannot  he 
armnged,  it  is  run  from  the  mine  by  a  triuu' 
way  on  the  le^el,  and  in  lioisttHl  to  the  top  of 
tJie  milL  At  the  top,  the  trucks  containing  the 
oi^  aif*  fii"st  tipped  over  a  *' grizzly ►"  The 
"grizzly"  is  a  sci'een  of  iron  bars  over  whirl i 
the  blocks  of  ore  fall  in  passing  to  the*  iiopper 
feeding  the  stone  bmaker*  while  any  du*>t  or 
small  material  that  may  be  amongst  the  larger 
stuiT,  falls  through  the  bars,  and  joins  the 
niaterial  coming  from  the  stone  breaker.  The 
pi'bicipal  portion  of  the  ore  goes  to  tlie  «tone 
breaker,  is  crushed,  and  then  pfisses  on  to  the 
crushing  rolls,  and  thence  to  the  stamp  battery, 
or  one  of  the  mills  described. 

There  are  two  methods  of  dealing  with  the 
ore  after  it  is  crushed,  known  respectively  as 
llie  wet  and  dry  pix^eease^s.  In  the  wet  pi"oce.H8 
the  material  is  handled  wet,  water  Ijei ng  em- 
ployed in  the  proces.^,  and  after  it  is  crushed  t<i 
aand,  it  h,  carried  to  amalgamating  pans,  where 
the  metal  m  separated  by  combination  witli 
the  ujereury,  and  is  afterwards  recovered  by 
heating  the  combination  and  driving  off  the 
meirury,  as  described  in  connection  with  nnial- 
gfUD&ting  apparatus.  S^e  Amalgamating^ 
Pans.  In  the  dry  pi^ocess  the  sand  m  not 
handled  with  wat«i*,  and  it  is  roasted  after 
leaving  the  stamps  or  the  fine  crushing  milL 
Iti  the  pi-ocess  of  r blasting,  it  ia  desulphirriMHl* 
and  lometinieH  chloridisedj  the  chlorine  after- 
wmrds  being  got  rid  i»f  hy  the  leaclnng  ur 
lijciviation  process. 

Ort '  Conc^ntraiintj  Apparatus,  —  By  con- 
oeotititing  apfjaratuK  is  meant  that  which 
givduaUy  separates  the  metal,  or  the  salth  that 
•re  compounds  of  the  metal,  fn^m  the  gangue 
or  waste  rock  in  which  tiie  whole  Ls  cuiilained 
m  the  bed  of  the  mine.  As  explaine<^l|  the 
whole  of  ilie  rock  that  is  got  out  of  the  lode 
is  crushed  to  very  fine  pciwder^  and  then  the 
puwtier  or  f^and   formed  fixun  the  waste  ix>ck 


is  sepaj^ted  from  the  metal  itself,  or  the  com- 
pcmnds  actually  containing  the  metal,  these 
being  afterwards  treated  w  itli  heat.  The  first 
appiiratus  employed  is  called  the  mixer.  The 
slitnm,  as  the  sand  to  which  the  rock  is  re- 
duced is  called,  when  deposited  in  the  settling 
pits  intti  which  tliey  How  from  the  stamps  or 
mills,  become  very  hard,  and  have  a^ain  to  be 
broken  up  and  mixed  with  a  certain  quantity 
f>f  Walter.  For  this  purpose  the  slimes  are  fed 
into  H  vessel  in  w  hich  are  I'evolving  blades,  and 
into  w  hich  also  a  stream  of  w^ater  is  led.  The 
revolving  blades  break  up  the  slimejs!  into 
powder,  and  the  w^ater  carries  them  on  to  the 
first  sci'een  called  a  trommel,  whei-e  all  chips 
of  wood,  sawdust,  odds  and  ends  of  wire,  naUs, 
ttcj  are  thrown  out. 

After  the  mixer  there  are  several  forms  of 
apparatus  for  concentrating  the  ore.  The 
earliest  form  is  the  huddle,  uwd  in  Cornwall, 
in  which  the  ore  is  carried  into  a  cii^cular 
shallow  pit  J  and  four  brushes  carried  <>n  the 
ends  of  four  arms  farming  ratlii  of  the  circle 
at  right  angles  to  each  other,  sweep  over 
them,  water  Ijeing  led  into  the  huddle  with 
the  ore,  and  the  gangue  and  metal  being 
separated  mainly  by  centrifugal  action*  The 
buddie  has  also  other  forms,  an  the  revoKHng 
knife,  and  so  on.  Modern  apparatus  for  separ- 
ating the  ore  from  the  gangue  in  the  slimes  is 
more  on  the  lines  of  what  is  termed  a  '^  vanner." 
The  "  vanner "  consists,  in  one  form,  of  an  end- 
less rubber  belt  supported  on  i*ollers,  so  that 
its  upper  suriace  forms  an  incline,  and  the  ore 
is  delivered  on  to  the  surface  of  the  lielt  at  a 
certain  spot  that  is  found  by  pnictiee  to  be  the 
best,  a  stream  of  water  delivering  it.  The  belt 
is  also  subjected  to  a  certain  ci'oss  to-and-fro 
shaking  motioUj  and  there  is  a  row  of  water 
jets  near  the  top  of  the  belt.  The  water 
which  brings  the  shmes  in  cairies  the  gangue 
down  to  the  lower  part  of  the  belt,  where  it  is 
deli  veiled  into  a  receptacle  provided  for  it,  w^hile 
the  heavier  metal  clings  to  the  surface  of  the 
belt,  and  m  ctiiTie<^l  upwatxls  and  delivered  to  a 
receptacle  at  the  top,  the  Jets  of  water-  at  the 
top  assisting  to  free  the  metal  from  any  minute 
particles  of  gangue  that  have  clung  to  it.  Fig. 
7,  Plate  I.,  shows  a  Frue  Yanner  by  Fraser  ^ 
Chalmers,  Ltd.     The  belt  is  niade  in  either  of 
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two  widths,  4  ft. J  or  6  ft.  In  anotlier  form  of 
concentrator  the  belt  is  subjected  to  an  end 
jihake,  this  being  found  tf>  answer  better  with 
certain  forms  of  or©  than  the  side  shake. 
Other  forms  of  apparatus  for  concentrating 
the  ore  are  known  a.s  concentrating  tables. 
These  are  of  various  forms,  one  of  which  consists 
of  a  flat  surface  covered  with  linoleum,  upon 
whicli  are  a  series  of  uhatructions,  the  table 
Iseing  subjected  to  a  moA^ement  wiiich  varies 
from  the  point  at  wJiich  tlie  ore  is  delivere^i 
to  the  other  end.  The  effect  of  the  motion 
of  the  table,  the  obstructions,  and  the  water 
with  which  the  slimes  are  fed  on  to  the  table, 
is  to  separate  the  gangue  from  the  ore,  to 
carry  the  ore  upwards  to  a  box  prepared  for 
it,  and  to  carry  off  the  gangue  to  what  ai^ 
called  tailings* 

Or^  Scre€fts,  — ^  These  are  of  various  forms 
arranged  to  separate  the  oi*e  from  the  gangue, 
and  to  size  the  i-ock  itself  out,  as  it  passes 
througli  the  different  appanitus*  Screens  may 
consist  merely  of  a  certain  number  of  iron 
bars,  moderately  close  together,  fixed  in  a 
Iranie  over  which  the  ore  is  tipped,  and  the 
bars  again  may  Ije  drawn  closer  and  closer 
together,  and  may  be  crossed  by  other  Imrs  till 
the  sci'een  itself  becomes  a  net,  and  the  spaces 
for  the  passage  of  the  ore  Ijecome  smaller  and 
Bmaller ;  and  again  the  screens  may  gradually 
assume  the  form  of  an  actual  gauze  net  made 
strong  enougli  to  stand  the  action  of  the  nK*k, 
bodies  of  ore  particles  passing  over  them  and 
through  them.  They  are  given  various  forms, 
as  tables,  tubular,  conical,  and  so  on,  while  c*cca- 
sionally  two  screens  may  \m  placed  one  inside 
the  other*  In  some  cases  the  screens  are 
stationary,  the  ore  passing  over  them,  that 
portion  which  is  small  enough  passing  through 
their  spaces.  In  other  forms^  as  the  cylindrical. 
Fig,  8,  Plate  I.,  and  conical,  the  screens  are 
given  a  revolving  motion  ;  this,  together  with 
the  variation  of  the  speed  of  the  ore  due  to  the 
variation  in  the  diameter-  of  the  screen,  assists 
to  separate  the  ore  into  sizes  and  to  promote  the 
passage  of  the  different  si^es  through  the  holes 
in  the  screens  pnivided  for  them.  The  screens 
are  intei*posed  nsually  between  the  different 
apparatus,  as  some  dust  is  always  made  at 
each  process,  while  smaller  portions  than  that 
10 


which  the  machine  in  front  can  deal  with  are 
also  made,  and  it  is  economical  to  sort  these 
out  and  convey  them  t^  their  proper  machines, 

Ote  Furnacem. — Furnaces  are  employed  for 
drying  the  oi'e,  in  some  cases  previously  t^> 
further  handling,  but  more  frequently  for 
either  oxidising  or  chlondising  the  oi'e,  the 
ubject  being  to  produce  either  an  oxide  or  a 
chloride  that  can  be  easily  dealt  with  by  a 
'  subsequent  process^.  Ore  furnaces  are  of  three 
principal  forms  ;  the  reverberatory  furnace,  the 
rotating  furaace,  and  the  more  modern  station- 
ary furnace,  of  which  the  Edwai^s,  made  by 
the  firm  of  that  najue  at  Ballai*at,  is  largely 
used  all  over  Austi-alia.  The  reverberatory  fur- 
nace m  comparatively  old,  and  is  well  kno^^ti. 
There  is  a  broad  hearth  on  which  the  ore  is 
placed ;  and  a  furnace  at  one  end  in  which  fuel 
is  consumed,  provides  hot  gases  which  pass  over 
the  ore  and  thence  to  a  chimney  at  the  other 
end  of  the  furnace,  Salt  is  sometimes  atlded  to 
the  ore  during  the  pixjcess  of  roasting,  and  the 
hot  gases  carry  off  the  substances  that  do  not 
enter  into  combination  with  the  ehlorinep  and 
the  roasted  material  is  drawn  fi-om  the  furnace 
through  a  liole  providcfl  for  it  into  a  pit 
below. 

There  are  several  fonns  of  rotary  furnaces 
alj  built  on  very  much  tlie  same  lines,  but  with 
the  special  arrangements  designed  by  the  dif- 
ferent inventors.  In  all  of  them  there  is  a 
cylinder  built  up  of  steel  plates  very  much  like 
the  shell  of  a  Lancashire  boiler,  but  lined  for 
a  poi'tion  of  its  length  at  least,  the  hottest 
portion,  with  fire-bricks.  There  is  a  furnace 
at  one  end  of  the  cylinder  and  a  chimney  at 
the  other,  and  the  cylinder  is  rotated  by  means 
of  geknng  placed  on  the  outside,  and  also  often 
carries  arms  or  i^abbles,  as  they  are  called,  for 
stirring  the  ore  up  and  carrying  it  forward, 
Tlie  hot  gases  from  the  furnace  perform  the 
operation  of  roasting*  The  ore  enters  at  the 
chimney  end  and  is  tiiken  out  at  the  furnace 
end,  being  subject,  it  will  lie  noticed,  to  gradu- 
ally increasing  temperatures.  In  the  Edwards 
and  shnilar  furnaces  there  is  a  long  chamber 
with  two  platforms  ;  and  either  an  endless  chain 
carrying  ploughs  or  other  apparatus,  generally 
known  as  rabbles,  move  the  ore  and  cany  it 
along  the  top  floor,  on  to  which  it  is  delivered, 
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to  the  end  where  It  falls  on  to  the  bottom  floor, 
and  is  brought  back  again  to  the  point  at 
which  it  €^ntered,  but  on  the  lower  floor,  and  is 
there  discharged.  There  is  a  furnace,  as  in  the 
other  cases,  suppljring  hot  gases  which  pass  over 
and  through  the  ore  throughout  its  paasage. 

Ore  Coo/i*r*.— Following  on  the  above,  which 
delivers  the  ore  at  a  temperature  of  about 
1,000*  Fahr.,  it  is  necessary  to  cool  the  ore 
before  it  is  submitted  either  to  the  leaching 
or  cjanide  process.  In  the  inajoritj  of  cases 
It  ia  cooled  by  being  merely  spread  out  on 
cooling  tobies  or  beds,  but  machines  have  also 
been  designed  for  the  purpose,  on  somewhat 
ayimilar  lines  to  the  rotary  roasting  furnace. 
The  Arga]]  rotary  ore  cooler  conskts  of  a  pair 
of  concentric  cylinders,  the  ore  being  passed 
tbfongh  the  inner  cylinder,  and  a  stream  of 
water  through  the  annular  space  separating 
the  two  cylinders,  the  whole  being  i-otabed  by 
the  same  means  as  the  rotary  furnace. 

Ore  Wmher$. — In  the  wet  process,  iis  ex- 
plained, the  ore  is  subject  to  more  or  less 
continual  washing,  septiration  of  the  ore  from 
the  g&ngue  being  carried  out  la»*gely  by  the 
diflerence  in  specific  gravity.  In  addition  to 
this,  the  ore  is  s*>metimes  passed  thi^ugh  a 
wftsbing  **  trommel,"  after  leaving  the  stone 
btrsaker.  The  washing  trommel  is  merely  a 
cylinder  wiUi  holes  of  h  inch  diameter  or  moie, 
a^ocording  Ui  the  class  of  mineral,  and  the 
crushed  material  fi'om  the  stone  breaker  ia 
pnHBcd  tbrough  it,  and  supplied  with  a  strong 
atream  of  clean  water,  the  object  being  to 
thoroughly  cleanse  the  ore*  The  other  washing 
nrraDgemeaits  have  been  described  in  connection 
^ith  the  varioua  apparatus. 

CMf  Pi^Mng  Pla^ii.  —  Another  very  useful 
apparatus  in  connection  with  the  handling  of 
ore,  is  tiie  picking  plant.  It  may  consist 
either  of  a  horizontal  table,  or  of  an  endless 
belL  In  either  ca^  women,  who  do  the  pick- 
ing in  those  coujitrles  where  women  can  be 
employed  for  the  purpose,  stand  round  the 
table,  and  on  each  side  of  the  belt.  The  ore 
is  delivered  on  to  the  table  or  the  belt,  and 
the  pickers,  who  are  more  or  less  skilled,  pick 
out  pieces  of  very  good  stuff,  ant!  pieces  of 
^uff  that  are  practically  all  waste. 

Ore  Stamps. — Stamps  are  usually  arranged 


in  a  battery,  a  number  of  stamps  together, 
according  to  the  quantity  of  ore  to  be  treated, 
some  of  the  large  mltiei^  on  the  Rand  having  as 
many  as  200,  while  very  small  mines  may  have 
only  two  or  three.  Tlie  stamp  is  merely  a  heavy 
mass  of  iron  or  steel,  attached  to  a  vertical  rod 
on  which  a  trigger  is  fixed,  the  whole  being 
arranged  to  rise  vertically  when  a  cam  revolv- 
ing upon  a  horizontal  shaft  engages  with  the 
trigger,  and  t*)  fall  when  the  cam  at  a  later 
period  of  it^  revolution  releases  the  trigger. 
Tlie  stamp  head  rises  and  falls  inside  a  raoitar 
box,  and  tiie  ore  which  has  been  brought  from 
the  crushing  rails  is  fed  into  the  mortar  box:^ 
is  crushed  by  the  hammering  action  of  the 
stamps,  and  flows  *)ver  out  of  the  box  in  the 
case  of  gold  ore.%  on  to  amalgamating  plates, 
the  substance  being  now  ground  into  very 
fine  sand,  known  as  slUthe^.  Fig,  9,  Plate  I., 
illustrates  a  3  stamp  mill  by  Fraser  k  Clialmers, 
Ltd.,  and  Fig.  10,  Plate  II,,  a  lO-stamp  mill 
by  the  same  firm.  The  latter  shows  an  iron 
framing,  but  generally  wood  is  preferable. 

Fig,  11,  Plate  II»,  is  a  view  in  a  stamping- 
house  showing  the  tiibles  w^hich  uarr-y  the  slimes. 
Fig,  1^,  Plate  11.,  is  Morison's  high  spee^i 
stamp,  with  Bremner^s  rapid  discharge  mortar 
box.  In  this,  each  stamp  is  lifted  by  a  crank 
and  connecting  rod  thn)ugh  the  medium  of 
a  cushioning  cylinder  reciprocating  between 
vertical  guides.  When  the  cylinder  ascends, 
the  port  is  eloserl  rapidly,  and  the  liquid  dis- 
placed by  the  relative  motion  of  the  moving 
cylinder  and  the  stationary  stamp  piston  is 
forced  into  the  air  chamber  in  the  latter,  until 
the  pressure  is  sufficient  tA>  overcome  the  inertia 
of  the  stamp.  The  latter  then  rises  with  the 
cylinder,  and  as  the  accelerating  effort  exerted 
by  this  diminishes,  the  air  in  the  piston 
re^xpands  and  lifts  the  stamp  in  i^elatiou  to 
the  cylinder  while  they  are  both  rao\ing  up- 
wards. The  cushioning  action  is  very  eii'ec* 
tive;  witii  an  Sin.  cylinder  stroke,  an  18-in. 
lift  of  the  stamp  is  obtained  at  1 26  dixips  per 
minute.  When  the  cylinder  reaches  the  top  of 
its  stroke  the  stamp  still  continues  to  rise  by 
virtue  of  its  momentum,  and  by  the  time  it 
commences  to  fall,  the  cylinder  has  ah'eady 
proceeded  a  short  dbtance  upon  its  downward 
stroke.     The  port  being  open,  and  the  cylinder 
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being  alieiif]  of  the  stump,  tlie  latter  thevefore 
falls  freely  under  the  iniluence  of  gravity  alone, 
and  when  it  strikes  the  ore  the  shock  of  impact 
18  not  tran^iintted  to  the  liftin^o;  mechftnism. 

Orthographic  Projection.— In  the  draw^ 
ing  office  it  is  neoesisjiry  to  make  accurate 
rejiresentations  of  mechanistna  and  part-^  of 
median  isms  possessing  three  dimensions,  length, 
biTadthj  and  heigh t^  on  a  plane  surface  (a  sheet 
of  paper),  which  ha«  but  two  dimensions,  length 
and  breadth.  The  difficulty  is  overcome  by 
making  plati;^  and  elevations.  These  are  the 
views  which  would  be  obtained  if  the  object 
were  placed  above  and  in  front  of  a  horizontal 
and  vertical  plane  respectively,  and  the  chief  , 
points  of  the  object  projected  on  tii  the  plane 
by  straight  lines  drawn  thnnigh  them  perpen- 
diculariy  to  the  plane.  Much  evidently  de- 
pends on  the  position  of  the  eye  of  the  ob- 
server, just  as  a  shadow  of  an  object  thrown 
by  a  pan  die  depends  on  the  position  of  the 
candle,  and  in  oi'tliographic  pixijection  the  eye 
is  suppfiseiri  to  t)e  placed  at  an  infinite  distance. 

Oscillating  Cylinder  Engine^ — A  marine 
type,  nearly  ^>l>.'iM>lct<ij  which  began  to  go  out 
when  tlu?  screw  was?  substituted  for  paddles  in 
ocean  steamers.  It  wag  a  very  excellent  engine, 
preferable  to  the  side  lever,  trunk,  and  other 
forms  its  rivals,  being  more  compact,  with  fewer 
parts  and  complications*  Its  rival  now  in 
paddle  Ixjats  is  the  inclined  cylinder  tyjw. 

In  the  ordinary  oscillating  engine  the  cylin- 
ders are  low  down  in  the  vessel,  below  the 
cranks,  to  which  the  piston  rods  aiT  attached 
directl}'  without  connecting  rods.  Steam  enters 
the  cylinders  throtigh  the  outside  trunnions  on 
which  the  cylinders  oscillate,  so  keeping  down 
the  temperature  of  tlie  bearings,  and  exhausts 
through  the  inner  trunnions  to  the  condenser, 
situated  between  the  cylinder's,  and  enclosing 
the  air  pump.  The  valve  casings  ai'O  located 
against  the  sides  of  the  cylinder.  The  valves 
are  operated  by  eccentrics  from  the  crankshaft, 
counterbalancefl,  fitted  with  slot  links  for 
reversal,  and  ct^nnected  by  suitable  levers  to 
the  valve  spindles.  Most  oscillating  engines 
have  been  of  simple  type,  but  compounds  have 
also  l3een  made.  Surface  condensers  have  also 
taken  the  place  of  the  old  jet  condensers* 
Steam  pressures  may  range  from  30,  to  80 
12 


or  90  lb.  Oscillating  cylinders  are  used  in 
Pneumatic  Drills,  ifec. 

Oscillation,  Centre  ot—See  Centre  of 
Oscillation. 

Osmosis. — S^-€  Diffusion. 

Ounce^ — In  avoirdupois  weight  an  ounce 
is  tlte  sixteenth  part  of  a  pound ;  in  troy 
weight  the  twelfth  part  of  a  pound.  In  the 
avoiitiupoiK  ounce  there  are  4rt^7i  grains  ;  in 
the  troy  ounce  480  grains  1  07.  troy  =^  1  097 14 
oz.  avoirdupois,     A  pint  =  20  fluid  ounces. 

Out  of  Truth. — A  shop  term  which  denotea 
departure  frrrm  a  level  plane  or  from  cin'ular 
symmetry. 

Outside  Cylinders.  —  -SVf  LocomotiTe 
Engine- 

Outside  Lap— -^^^v  Lap  and  Lead. 

Outward  Flow  Turbine.— 6"^^ ^Turbines. 

Oval  Chuck. — A  compound  chuck  which  is 
used  for  turning  elliptical  shapeis,  ranging  in^m 
zero  in  the  major  diameter  to  the  maximum 
range  embodied  in  the  chuck.  The  amount  of 
eccentricity  is  contmlled  by  a  worm  and 
tangent  wheel  setting  a  slide  to  which  the  wonn 
is  attached*  Or  a  ratchet  wheel  is  used*  In 
either  case  minute  subdivisions  of  the  circle 
permit  of  finer  adjustments  in  eccentricity  than 
would  be  afforded  by  the  teeth  alone  in  worm 
or  ratchet  wheel.  Tlie  boss  of  the  tiingent 
screw  is  subdivided  around. 

The  construction  is  as  follows : — A  plate 
pierced  with  a  longitudinal  slot  carries  a  screwed 
boss  by  which  it  is  attached  to  the  nmndrel 
nose.  A  slide  moving  over  the  face  of  this, 
guifled  with  grooved  edges,  carrie-s  a  screwed 
nose  to  which  the  actual  chucks  holding  the 
work  are  attached.  It  also  carries  the  tangent 
wheel,  or  the  latter  is  cut  ix>und  its  edge.  It 
slides  freely  in  its  grooves  and  has  two  horna 
at  the  back  which  pass  tluTJUgh  the  slots  in  ^e 
other  platcT  and  which  grip  closely  the  edge  of 
a  ling  that  is  attaciied  by  a  plate  with  set- 
screws  tiJ  the  he^dstock,  and  which  can  be 
adjustefl  eccentrically  in  relation  tL»  the  mandrel 
without  affecting  the  movement  of  the  chuck, 
the  boss  of  which  passes  through  a  long  slot  in 
the  ring.  The  ring  being  set  to  any  eccentric ity* 
the  boras  on  the  front  plate  which  carries  the 
nose  for  the  chucks  are  coerced  by  it,  and 
impart  an  eccentric  motion  to  the  w^ork*     The 
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Amount  of  this  Is  twiee  the  eecentricity  imparted 
to  the  rini;. 

Oval  Hole  Cutting.— in  the  Ijoiler  shop 
th»?se  hnle^  are  ofteti  oat  by  hand*  The  ellipse 
being  iiiarkeii  on  the  plate*  holes  are  punched 
just  within  the  lines^^  and  in  contact,  so  det^iching 
the  central  piece  of  luetal.  The  edge^  are  then 
amiMjtlictl  by  chipping  and  filing. 

In  the  larger,  better  equipped  shnpi?,  the 
holes  are  bored  out  at  once  in  a  niachinCi  with 
two  cutters  in  an  oval  cutting  apparatus.  The 
pH HO i pie  iyi  tlii*^  ih  the  same  a«  that  of  the 
Oval  Chuck*  Such  machines  generally  in- 
clude provision  for  turning  end  plates  and 
angle  iron  rings,  and  boring  round  holes*  The 
phit€!^  are  held  do^Ti  on  a  alutted  table»  and 
a  -standard  and  overhanging  ami  carry  the 
mechanism. 

Oven  Coke.— ^'^-^  Coke  Ovens. 
Overall    Dimensions. — Out-attd'ont   is   a 

svuonvm  of  overall,  signifying  the  extreme  ar 
»mm  of  all  the  les-^r  dimensions  on  a  drawing, 
or  a  piece  of  work,  Cai'eful  men  usually  add 
up  the  separate  dimensions  to  see  if  the  total 
oorresponds  with  the  one  overall  dimension,  as 
the4e  are  not  always  found  to  correspond. 

Overblow. — lielates  to  the  final  stage  in  tlie 
Besweiuer  basic  pnicesa,  in  which  the  phos- 
phorus is  removed.  Also  it  signifies  the  con- 
tin  uanee  (jf  the  blast  aft4>r  the  carbon  has  been 
oxidised  in  the  acid  lined  converter* 

Overhanging  Cylinder  Engine.— A  very 
popular  type  in  which  the  obvious  feature  is 
the  support  aflV»rded  to  the  cylinder  by  itN 
front  Hange  only.  Rigidity  is  ensured  by  the 
^angt^  faces  and  bolts  securing  the  cylinder 
tightly  to  the  tlange  of  the  crusshead  guide. 
The  ^uide  is  in  one  with  the  bed,  which  is 
bolted  t*J  the  foundation.  Alignment  of  the 
cylinder  and  the  bored  guide  is  secured  by 
ebeeking  or  registering  the  tlanges  together. 
Thus  all  the  trouble  of  fitting  cylinders  and 
guides  to  a  bed  plate  is  saved.  A  slight  ad- 
vantage of  the  overhanging  cylinder  is  that  it 
expands  freely  with  heat,  while  a  cylinder 
balte<!  dowTi  txj  a  bed  cannot  do  io»  The  over- 
hanging  type  is  utilised  as  a  wall  engine  by 
jnntplj  bolting  it  w4th  its  axis  vertically. 

Overhead  Tracks.  —  These  fill  an  ever 
extending  place  in  shops.     They  are  used   in 


foundries  and  light  machine  shops,  chietly, 
because  more  mobile  and  handy  for  the  lighter 
classes  of  work  than  the  overhead  travelling 
cranes.  The  latter,  however,  cover  the  whole 
Hoor  area,  which  tracks  do  not.  Overhead 
tracks  generally  take  the  same  course  as  that 
which  would  1>e  taken  by  Hoor  tracks  of  narmw 
gauge,  but  with  the  advantage  of  leaving  the 
floor  clear*  A  large  amount  of  varied  detail 
has  grown  anjund  these  in  regard  to  the 
fittings  of  the  tracks  themselveSf  and  also  of 
the  conveying  machiner}*,  whicli  includes  hand, 
compreJised  air,  and  electric  driving* 

y'Afl  JVacL — Generally  this  is  a  single  joist 
section  l,  Fig.  13,  suspendetl  fmm  the  ceilingp 
and  tbe  wheels  of  the  conveying  and  hoisting 
machine  run  on  the  inner  edges  of  the  bottom 
ilange.  This  gives  tiie  largest  arnount  of  head 
room.  Or  two  Joistd  are  arranged  parallel,  and 
the  wheels  run  on  their  top  edges*  Or,  as  in 
the  Coburn,  Fig.  14,  a  specially  rolled  section 
is  useil  with  inner  grooves  of  concave  section 
in  which  i-ollers  with  convex  edges  run,  Hingle 
Tfiil  tracks  are  used  also,  Fig.  1 5. 

X  lM*am3  are  suspended  in  various  ways* 
They  may  be  l>olt^?d  directly  to  timbei-s,  the 
liolts  pa;saing  fchmugh  their  top  flanges.  Or  a 
hanger  cotter  bolt  can  be  passed  thi'ough  the 
timber  and  hold  centrally.  Fig.  16,  a  i^ecess 
being  cut  in  the  web  to  allow  the  end  t<3  clear. 
Or  wi^ught-iron  hangers  can  be  suspended  to 
t*ike  the  beams.  Or  castings  can  be  utilised 
when  X  beams  forn]  the  floor  joists.  Another 
way  is  to  have  wrought  -  iron  clips  bolted 
through  a  bea^m.  If  the  floor  beams  are  too 
far  apart,  or  unsuitable  to  receive  the  hangers 
or  b<>lts,  a  special  beam  niay  l>e  carried  from 
the  ceiling,  or  from  independent  cantilevers 
coming  from  a  w^all  adjacent,  the  beam  being 
continuous.  In  the  Coburn  system  brackets 
embrace  the  tracks,  Pig,  14,  curving  under- 
neath them,  leaving  room  for  the  carrier  be- 
tween. When  single  rail  tracks  are  used> 
made  of  flat  bars  set  edgewise,  then  in  some 
cases  the  trolley  wheels  run  on  stjuare  edges, 
a.s  in  Fig.  15,  in  others  the  edges  are  convex. 
The  effe<it  of  the  loading  is  to  keep  the  trolley 
wheels  perpendicularly*  Switches  and  turn- 
tables are  fitted  in  the  course  of  the  moat 
complete  installations. 
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la  some  cases  the  track 
series  the  functions  of 
gantries  and  runways. 
ThuB,  Fig.  17,  the  ^rdei>* 
A  siipfMirt  a  couple  of 
tracks  B,  and  the  girder 
c  is  a  bridge  suspended 
tlierefrom  and  running  up 
and  down  them.  Its  func- 
tion IB  therefore  that  of  a 
travelling  crane,  the  trolley 
E  l^eing  carried  by  the 
track  P,  and  traversing 
across  it. 

Bhckif.^Th ese  comprise 
two  large  groups — the 
simple  trolleys  running 
along  tracks,  from  whicli 
lifting  tfl^kle  is  suspended. 
Figs.  1  a,  14,  15,  and  the 
combinetl  trammelling  and 
hoisting  tackle.  In  the 
simplest  of  these  a  couple 
of  wheels  on  a  single  bar 
track,  or  four  on  an  I  beam 
track,  support  the  cheeks 
which  carry  the  eyCj  or 
the  hook  from  which  the 
load  or  the  lifting  tackle 
is  suspended  directly.  In 
the  Coburn  system  these 
are  increaseti  in  number 
with  increase  in  load  to 
be  carried.  The  sin*rle 
carrier  with  four  wheels, 
two  on  each  side,  is  used 
for  Iliads  up  to  half  a  ton. 
l>ouble  carriers  with  two 
such  sets  of  wheels,  Fig.  14, 
are  used  for  higher  loatls. 
For  4- ton  loa<:is  four  such 
sets  are  employed.  The 
trolley  proper  is  also  fitted 
with  knuckle  joints  when 
made  for  running  round 
curves.  In  the  large  kinds, 
flames  swivel  round  tlieir 
supf Mir  ting  bolts  in  the 
matmer    shown     in     Fig. 


U.     See   aim   Pulley    Blocks^    and    Tel- 
phera£:e. 
Overhead  Travelling  Cranes. — Hoisting 

machines  without  jibs  which  travel  on  runways 
or  gantries  above  shops  and  yards,  so  that  no 
iloor  area,  is  occupied.  No  type  of  hoisting 
machine  haa  undergone  such  speedy  changes  as 
these  have,  due  to  the  advent  of  the  electric 
drive.  There  is  still,  however,  an  extensive  field 
for  the  utilisation  of  hand  travellers.  But  self- 
contained  steam  travellers  and  cotton  rope 
travel  lei*s   ai-e    in   a    dwindling  mi  nor  it  v.     S*^e 

Cotton  Rope  Travellers,  Electric,  Hand, 
Square  Shaft,  and  Steam  Travellers. 

Overheating,^Thia  relates  specitically  to 
the  tempera tui'c  for  working  metals  and  alloys, 
and  to  excess  of  heat  in  the  plates  of  steam 
boilers. 

Iron  and  steel  suffer  by  overheating  at  the 
forge,  becoming  partially  oxidisin],  or  bunU^ 
and  lose  their  natui'e,  8teel  is  particularly 
liable  to  deteriorate  from  this  cause.  In  the 
operations  of  welding,  flanging,  and  bending 
the  temperature  must  not  exceed  that  which 
experience  has  sho^^^^  to  be  suitable  for  those 
operations.  The  higher  the  carbon  content  the 
lower  must  be  the  temperature  for  working  it. 
The  high  temperatures  at  which  iron  is  worked 
would  ruin  any  steel. 

Overheating  of  btiiler  plates  has  been  a  fruit- 
ful cause  of  explosions,  particularly  in  the  old 
type  of  furnace  flues  before  the  invention  of 
the  Adamaon  and  other  seams.  When  the 
plates  become  red-hot>  they  bulge  under  the 
steam  pressure,  and  collapse.  The  causes  of 
overheating  are  accumulations  of  deposit,  and 
incrustation. 

Overninning.— When  driving  and  driven 
gears  i'un  ut  vanable  velocities,  overrunning 
will  occur.  Overrunning  is  due  to  variations 
in  the  driving  force,  with  corresponding  differ- 
ences in  the  momentum  of  the  gears.  The 
result  is  noise,  shock,  and  perhaps  fractured 
teeth.  The  evils  are  increased  by  increase 
in  the  amount  of  clearances.  In  machine- 
cut  teeth  with  no  clearance  they  are  not 
apparent. 

Oxides* — Are  the  compounds  of  oxygen 
with  the  other  elements.  They  ix^cur  in  abund- 
ance  naturally,   and   form    a   very  important 
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class  of  compounds,  many  of  them  being  valu- 
able ores.  Oxides  may  be  grouped  into  three 
classes  : — (1)  Basic  oxides — oxides  of  the  metals 
possessing  the  characteristic  property  of  neutral- 
ising acids,  as  seen  in  the  restoration  of  the 
blue  colour  to  litmus  paper  which  has  been 
reddened  by  acid.  In  combination  with  water 
a  basic  oxide  forms  a  hydrate;  all  hydrates 
contain  the  grouping  HO,  as  in  Ca(H0)2, 
calcium  hydrate,  Al2(H0)^,  aluminium  hydrate. 

(2)  Acid — anhydrides,  oxides  of  the  non- 
metallic  elements,  which  with  water  form  acids. 

(3)  Peroxides,  which  readily  part  with  some  of 
their  oxygen  and  so  are  useful  as  oxidising 
agents. 

The  following  oxides  are  of  more  or  less  im- 
portance in  engineering: — CaO,  calcium  mon- 
oxide (quicklime) ;  MgO,  magnesium  oxide 
(magnesia) ;  AUOg,  alumina ;  ZnO,  zinc  oxide 
(zinc  white) ;  PbO,  lead  monoxide  (litharge) ; 
FegOg,  sesquioxide  of  iron  (red  hwmatite) ; 
FcgO^,  ferruso-ferric  oxide  (magnetite);  SnO.„ 
stannic  oxide  (tin-stone  or  cassiterite) ;  CugO, 
cuprous  oxide  (cuprite  or  red  copper  ore) ;  CuO, 
cupric  oxide  (black  copper  oi*e). 

Oxyg^en. — O,  16;  condenses  to  a  liquid  at 
-  140^  Cent.,  under  a  pressure  of  320  atmos- 
pheres; sp.  gr.,  1108  as  gas,  1124  as  liquid; 
melting  point,  -  223'  Cent. ;  boiling  point, 
^  1 83**  Cent.  Of  all  the  elements  oxygen  is  the 
most  abundant  and  important,  forming  a  large 
proportion  of  the  earth's  crust,  of  the  atmosphere, 
and  of  water.  Some  of  the  most  important 
ores  from  which  the  metals  of  engineering  are 
obtained  are  oxides  of  the  metals.  (See 
Oxides.)      It   is  a   colourless,   tasteless,   and 


odourless  gas,  whose  main  characteristic  is  the 
great  readiness  with  which  it  unites  with  the 
other  elements,  fluorine  excepted.  The  rusting 
of  iron  is  the  combination  of  the  metal  with 
the  oxygen  of  the  air  (forming  Fe^Og,  ferric 
oxide),  and  combustion  in  the  furnace  is  the 
combination  of  oxygen  with  carbon.  The 
removal  of  oxygen  from  an  ore  or  other  sub- 
stance is  termed  "  reduction,"  and  the  addition 
of  oxygen,  "  oxidation." 

On  a  small  scale  oxygen  is  produced  in  the 
laboratory,  by  heating  potassium  chlorate, 
KCIO3,  with  manganese  dioxide,  MnO^,  but 
commercially  it  is  obtained  in  quantity  from 
the  atmosphere  by  Brings  method.  Air  is 
pumped  under  pressure  (10  lb.  per  square  inch) 
over  baryta  or  barium  monoxide,  BaO,  which 
is  heated  in  retorts  to  about  700*  Cent.  The 
oxygen  unites  with  the  monoxide  and  forms 
the  dioxide,  BaO^.  The  added  oxygen  is  then 
i*ecovered  by  diminishing  the  pressure  while 
keeping  the  temperature  constant.  The  col- 
lected oxygen  is  nearly  pui*e,  containing  only 
about  7  per  cent,  of  nitrogen. 

An  intensely  hot  flame  (2,000"*  Cent.)  is 
produced  by  burning  a  mixture  of  oxygen  and 
hydrogen.  The  compressed  gases  are  contained 
in  separate  iron  cylinders,  being  mixed  in  a 
separate  chamber  to  which  they  pass  through 
regulating  valves.  The  oxy-hydrogen  flame 
melts  the  most  infusible  metals,  such  as  plati- 
num. Lime  is  heated  to  incandescence  by 
means  of  this  flame,  producing  an  intense 
light,  the  oxy-hydrogen  limelight. 

Oyster  Shells. — Sometimes  employed  for 
fluxing  in  the  cupola  in  place  of  limestones. 
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Packing'  Case*  -A  ease  used  for  packing 
nmL^hinery  for  tmnsit  and  export.  It  iimy  be 
an  open  erat*?,  or  an  enckksed  box^  and  may 
or  ma  J  not  be  watertight.  It  is  g<?nerally 
uiade  of  the  cheapest  deals,  tyj  spruce,  or  white 
deal,  i*f  from  1  in.  to  1 J  in,  in  thickness.  T]ie 
bjard^  forming  the  sides  and  eiidis  are  held 
together  with  Ijattens.  Unless  a  cafje  has  ti* 
be  wateilight,  the  joints  abut  only.  But  for 
Iijfig  voyages  it  is  necesstiry  to  protect  all  good 
jind  bright  work  hy  tongueing  the  joints,  and 
lining  the  interior  with  canvass  jtaiuted  with 
marine  glue.  Tn  nailing  together,  the  sidas 
are  not  nailed  intij  the  end  grain  of  the  ends 
eliEkpIy^  but  partly  into  battens  next  the  ends. 
Tins  is  necessary  to  ensure  a  strong  job  at 
the  ctimers.  Besides  this,  hoop- iron  bondings 
ate  used  along  all  the  eomer  joints,  Tlie 
boop  irou  is  cut  oif  in  suitable  lengtlis,  and 
panched  with  holes  for  flat-headed  naik. 
Gates  made  thus  wiU  stand  tumbling  about 
with  their  hea^T  contetits» 

GiXidH  are  not  packed  haphazard^  or  they 
would  beetime  damaged.  System  is  observed 
bv  iMi  ejcjieriencecl  jmcker.  Cross-bat's  are 
tuaertdd,  atid  tiotclied  to  receive  and  secure 
Hhaftiog,  Blocks  are  inserted  and  fastened 
L»etwe«Mi  adjacent  castings  or  forgings  to  prevent 
riik  of  shiftiDg.  Pockets  are  inserted  to 
teeeive  slight  an*!  delicate  objects.  Bright 
work,  as  shaft  journals  and  bearings,  is  pro- 
tected  with  an  application  of  white-lead  i>aint, 
or  of  tallow,  or  boiled  oiL  If  liright  surfaces 
lire  imrtly  expHJsed,  as  in  open  crates,  spun-yarn 
is  wound  rcmnd  over  the  paint  or  tallow  to 
prevent  risk  of  contact  witli  other  objects. 

Packing's^"  These  are  of  various  kinds,  the 
principal  being  those  used  for  setting  oi'  level- 
ling up  wurk,  and  those  for  making  joints  in 
slifiuii  and  water  jfiints  and  connections,     S^e 

Hydraulic  Leathers,  Metallic  Packings^ 
Pipe  Joints. 
VOL,  vii» 


Machine  Shop  Packings. — These  are  thickness 
pieces  of  wood  or  raetal  used  for  levelling  up 
work  on  machine  tables,  and  for  offering  re- 
sistance to  the  pi'es^ui^  of  bolts  and  clamps. 
They  aie  of  definite  depths,  or  are  adjustable  in 
the  fonn  of  wedges.  The  plainest  packings  are 
of  iron  of  rectangular  section,  squai'e^  or  oblongs 
from  say  J  in,,  to  2  or  3  in.  wide,  or  deep,  and 
from  several  inches  in  length  to  several  feet, 
They  are  planed  on  all  faces,  so  that  being  used 
on  a  level  table  the  truth  of  the  work  laid  there- 
on is  assured.  For  the  larger  j^ackings,  lengths 
of  channel,  or  of  beam  section  ai*e  planed  on  top 
and  bottom  faces.  JIany  of  the  largest  pack- 
ings are  open  castings^  planed  on  outside  faces ; 
sfjme  of  these  measuring  a  foot  or  more  across 
the  faces.  Wedge  packings  are  used  to  effect 
slight  iMlJustments  in  height  when  the  bottom 
faces  of  work  are  rough  and  uneven.  The 
surface  gauge,  and  the  level  are  used  to  test 
parallelism.  Wedges  of  wood  are  used,  but  a 
stock  of  iron  we<Jges  is  more  p>ermaneut.  They 
may  be  inserted  dii^ectly  between  the  work  and 
the  table,  or  on  the  ordinary  packings.  A  pair 
of  revei-se  wedges  is  frequent,  the  mtitual  adjust- 
ment lieing  made  use  of  to  raise  or  lower  the 
work.  In  one  form  these  ore  provided  with 
an  adjusting  screw  to  slide  one  wedge  over  the 
other,  and  the  edges  are  graduated  to  allow  of 
the  height  of  the  packing  tt>  be  read.  In  some 
designs  the  abutting  faces  are  slightly  seiTated 
to  prevent  slip.  Packings  are  also  used  largely 
to  support  clamping  plates  horizontally,  so  that 
the  bolts  shall  have  a  perpendicular  pull.  In 
some  cases  clamp  and  i>acking  are  combined, 
and  sometimes  the  bolt  forms  an  integral  part 
of  the  fitting. 

Packiwj»  fm*  Steam  Pipe. — Until  the  advent 
of  high  pressures^  hemp,  spun  or  plaitetl,  was 
chiefly  used  for  these,  and  is  still  i^ tamed 
for  low  pressures.  The  hemp  is  well  greiiaed, 
and  wound  tightly  I'ound  the  rod,  and  forced 
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into  the  stuffing  box  with  a  caulking  tool. 
The  screwing  down  of  the  gland  tightens  the 
packing.  As  it  wears  by  friction,  the  gland 
is  still  further  tightened.  Canvas  and  india- 
rubber  packings  have  been  used  extensively  in 
stuffing  boxes.  These  will  not  stand  the  tem- 
perature of  high-pressure  steam.  They  become 
charred,  and  shrink,  and  have  to  be  screwed 
up;  they  become  hard,  the  pressure  may  be 
excessive,  and  gritty  particles  present  score 
the  rods.  The  original  packing  was  water 
above  a  piston  in  the  Savery  engine,  rendered 
historical  by  the  fact  that  the  leakage  of  the 
water  past  the  piston  into  the  steam  space 
below  caused  rapid  condensation  of  the  steam. 
This  gave  rise  to  the  idea  of  the  condensation 
by  cold  water,  first  within  the  cylinder,  followed 
by  the  condenser  separate  from  the  cylinder, 
by  Watt.  The  real  first  packings  were  the 
old  hats  of  Watt,  which  were  the  cause  of 
infinite  anxieties. 

There  are  a  large  number  of  patent  packings 
into  which  asbestos  enters  largely,  plaited, 
or  in  the  form  of  yarn,  with  graphite,  or 
metal.  Metals  cut  in  thin  strips  ai*e  also 
used  as  packings.  What  are  termed  sheet 
packings  are  used  for  flanged  joints. 

Paddle  Wheel— The  use  of  this  means 
of  propulsion  gradually  diminishes,  having  long 
since  been  discarded  for  ocean  steamers  in 
favour  of  the  screw.  It  is  chiefly  retained  for 
river,  and  coasting,  and  pleasure  vessels.  Most 
paddles  are  of  the  feathering  tjrpe.  The  rigid 
radial  paddles  are  wasteful,  because  when  they 
enter  the  water  they  enter  obliquely,  presenting 
the  entire  width  of  their  faces,  and  as  they 
leave  they  lift  a  large  volume  of  water.  They 
are  only  efficient  when  in  the  vertical  position, 
because  only  in  that  position  do  they  drive 
the  water  towards  the  stern.  The  slip  is  taken 
at  from  15  to  30  per  cent.  One  float  for  every 
foot  of  diameter  is  usually  allowed.  The  area 
of  one  float  is  obtained  thus : — 


Area  of  one  float  = 


I.H.P. 


xC; 


D  being  the  effective  diameter  in  feet  taken 
from  the  centre  of  opposite  floats,  C  a  multi- 
plier, which  ranges  from  0*25  in  tugs  to  01 75 
in  light  vessels  running  at  high  speeds.  The 
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larger  the  diameter  of  wheels,  the  less  the 
obliquity  and  loss,  but  considerations  of  weight 
and  dimensions  set  limits  to  size.  In  the 
feathering  wheels  the  floats  enter  and  leave 
the  water  in  nearly  a  vertical  position,  irrespec- 
tive of  enlarged  dimensions.  The  floats  pivot 
on  pins  parallel  with  the  main  axis.  They  are 
actuated  by  rods  attached  to  an  eccentric  strap. 
This  works  loosely  on  a  stud — the  featheinnij 
stud,  fixed  eccentrically  on  the  outer  sponson 
on  the  side  of  the  vessel.  All  the  rods  are 
attached  to  the  boss,  with  the  exception  of  the 
driving  rod,  which  has  a  rigid  connection  to 
the  eccentric  strap,  so  driving  the  strap  round 
the  feathering  stud. 

The  great  objection  to  paddle  wheels  is  the 
unequal  immersion  of  the  floats  with  varying 
draughts  of  water.  This  is  but  slight  in 
pleasure  steamers,  but  in  the  old  ocean-going 
paddle  steamers,  the  diminution  of  coal  or  cargo 
would  make  some  feet  difference  in  draught  in 
the  course  of  a  voyage. 

Paintings  Machines. — The  machines  made 
under  the  Wallbrook  &.  Wells  patents  for  apply- 
ing paint  to  large  structures  in  a  spray,  from 
a  nozzle,  under  air  pressure.  Essentially,  u 
machine  comprises  a  strong  tank,  which  forms 
the  reservoir  for  the  compressed  air.  Within 
the  tank  is  the  pot  of  paint,  easily  removable, 
and  replaced  by  fresh  paint.  The  air  at  about 
25  lb.  pressure,  enclosed  in  the  tank,  presses  on 
the  surface  of  the  paint,  driving  it  through  the 
hose  and  out  of  the  nozzle.  The  nozzle  has  pro- 
vision for  adjustment  for  speed  and  fineness. 

The  speed  of  painting  is  from  five  to  six  times 
that  obtained  by  the  use  of  the  brush.  As  the 
paint  dries  quickly,  a  second  coat  can  be  applied 
sooner  than  in  binish  work.  It  shows  to  great 
advantage  in  intricate  objects.  A  saving  of  30 
per  cent,  of  paint  is  also  made. 

Paints.  —  Protective  coatings  applied  t<» 
materials  to  preserve  them  from  decay  causer! 
by  chemical  action,  and  to  a  lesser  extent  for 
good  appearance.  These  include  other  coatings 
besides  those  popularly  known  as  paints,  as  the 
Barff"  processes,  galvanising,  japanning,  lacquers, 
tar,  varnishes,  «fec.,  described  elsewhere.  The 
present  article  relates  to  the  oil  paints.  Paint- 
ing, as  it  affects  the  engineer,  has  to  do  mainly 
with  cast  iron,  wrought  iron,  steel,  and  timber. 
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Oist  iron  is  less  affeutetl  bj  rust  than 
wrought  iron  or  ^teeL  The  reason  is  that  its 
texture  is  more  boniogeneons,  and  tlie  more  m 
tlie  h&rtler  and  closer  grained  it  is»  Wrought 
iron  is  fibrous  or  iaiiiinat-ed,  and  the  la^^rs  of 
locale  invite  incipient  corro^on.  Steel,  though 
not  huninatedf  is  yet  affected  by  corrosion  nioi*e 
s4^rio«sly  than  wrought  irt^n.  Both  wrought 
irsin  and  ^ateel  are  often  covered  with  a  scale 
of  maf^netic  oxide,  beneath  whieh  corrosion  may 
gii  on  uniseen. 

h  \^\\\\  in  order  to  afford  pmtection  from 
rust  must  be  in  actual  coutact  with  the  metal, 
Tliis  IS  %  vital  matter,  and  explains  why  an 
applicmti^i  of  bi.>L)Hi  oil  is,  or  should  be  made 
to  caatings  and  plated  work  !>efore  work  is 
done  t»o  them  in  the  fihop^.  If  they  he  about 
and  become  rusty,  and  art*  painted  while  in 
that  state,  corrosion  will  go  on  under  the 
paints  Huhbinj*  the  rust  off  with  a  scratch 
brusli  will  not  tlioroughly  i^lean  the  smface. 
The  oil  may  be  applied  cold,  but  it  is  better  to 
warm  the  work. 

•Rie  rusting  of  iron  which  has  commenced 
pfevioiis  to  the  application  of  paint  is  as 
fyllaws:^ — When  I'etl  ru.*it.j  or  sesquioxide  has 
ionmed,  the  iron  benefit h  it  will  combine  with 
a  portion  of  the  oxygen  from  the  sesquioxide, 
Fe,^Oy  leaving  the  latter  as  a  protoxide,  or 
ferrvius  oxide,  FeO,  an  unstable  compound  which 
ahegorb^  oxygen  and  pa^^ses  into  the  higher 
oxidoflw  As  neither  of  the-ae  oxides  are  stable, 
the  process  of  corroiAion  is  bound  to  g«>  on  sui'ely 
thioagh  slowly. 

The  lead  paints  and  the  iron  oxide  paints  are 
both  nsed  for  iron  and  steel  work.  Three  eoata 
shoold  be  applied,  and  the  tirst  must  be  allowed 
Ci»  hftrden  before  the  successive  ones  ate  put 
OIL  Whichever  paint  \%  used^  a  suitable  body 
ia  eaaentimL  Thus  a  clear  varni.sh  would  be  of 
little  value  for  otttd*x»r  metal  work.  A  pig* 
ment  must  therefi>re  contain  finely  triturated 
STilid  ingredients  held  in  solution  in  a  mediam. 
Boiletl  oil  is  the  meiiium  which  remains  ad* 
herent  to  the  inju^  and  holds  the  btxiy  of  oxide 
of  littd  or  iron. 

An  eeaential  is  that  the  oxide  used  shall  be  a 
at»ble  one,  and  not  act  chemically  upon  the 
ti^t&]  whicli  it  is  intended  to  protect. 

It  seems  curious  that  oxides  should  lie  used 


to  pi'otect  from  oxidation^  Lead  oxides  are 
more  i-eliable  but  more  expensive  than  the  iion. 
Le^d  carbonate,  PbCO^,  is  used  principally  in 
the  fi^rm  of  wiiite  lead,  the  formula  for  which 
is  approximately: — ^PbCO^ -F PbH^O^»,  or  lead 
carbonate  and  hydi'oxide.  Red -lead  paint^^  are 
usetl  largely  in  outdoor  work.  Red  lead  or  i^ 
oxiile  is  represented  by  the  formula  2Pb0  4- 
PbO ,.  l^ch  of  these  mixes  with  oil  I'emiily^  and 
affonl??  perfect  protection.  Iron  oxide  paint  is 
distrusted  by  many  on  the  ^rpQund  that  it  is 
unstable,  ami  may  becitme  a  carrier  of  oxygen 
t<j  the  metal  it  is  dcsigiiCHl  to  protect.  But  it 
is  often  used  on  the  outside  of  a  lead  paint. 
Thus  on  the  Forth  Bridge,  hot  Ixjiled  oil  was 
first  applied,  then  two  coats  of  ied4ead  paint, 
then  two  coat^j  of  oxide  of  ii*on  paint*  The 
interior  portion  of  the  tulies  received  one  coat 
of  red  lead}  and  two  coats  of  white  lead  paint, 
and  no  iron  oxide*  145  sijuare  acres  of  surface 
ha«i  to  be  painte*!  on  this  bridge.  The  material 
of  the  old  Hammersmith  Bridge,  protected 
with  wldtedead  paint,  was  found  as  gf)od  as 
new  after  sixty-twd  years. 

Tliere  are  good  substitutes  for  white  lead  as 
a  basis  in  [>aints.  Griffith  s  zinc  white  is  a  sul- 
phide of  zinc,  which  is  an  excellent  covering 
pigment,  in  which  property  the  oxide  and  car- 
btjnate  of  zinc  ai'e  deficient.  Sulphuious  fumes 
which  act  on  white  leaf!  have  no  effect  on  the 
sulphide  of  zinc.  Neither  haa  it  any  smeU. 
Fi*eeman^s  non  poisonous  white  lead  is  mainly  a 
sulphate  of  lead,  to  which  oxide  of  zinc  is 
afided.  It  hits  good  covering  property,  is  dur- 
able, and  without  smell.  Oxide  of  liue  alone 
is  naefl  for  white  paints.  It  is  deficient  in 
body,  and  is  a  Imd  drier.  It  is^  however^ 
innocuous  and  is  perfectly  white. 

Red  oxide  of  lead  is  preferred  by  many  to 
red  oxide  of  iron.  The  red  lead  is  mixed  with 
boiled  linsee<l  oil.  It  is  first  ground  with  10 
per  cent,  of  I'aw  linseed  oil,  the  paste  i-eault- 
ing  is  afterwai^s  thinned  with  the  boUed  oiL 
No  driers  or  oil  of  turpentine  are  used. 

Paint  Sbop^  — Most  large  enginoers'  works 
have  their  own  paint  shop,  in  which  the  pig- 
ments are  ground  and  mixed.  As  the  dust  is 
very  injurious,  ample  ventilation  is  essential. 
Fig.  18  shows  a  typical  paint  shop.  The 
f eatuie  to  be  noted,   besides  the  general   lay 
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out,  is  the  vent ilat tug  arrangeinentft  by  which 
the  dust  is  removed  It  is  effected  by  the 
piifcent  fan  of  K  Hattersley  Piokard  k  Ct)*, 
of  Leeds*  Itsj  kicatif»n  is  indicat^l  in  the  three 
views,  and  the  system  of  pipes  for  indniii<^ht 
and  ili.seharge, 

Palladiuni*— Pd.  106*5.  An  element 
belonging  to  the  platinum  group,  found  in 
the  native  .state  witli  pkthxum  and  gold.  It 
\vm  a  remarkable  affinity  for  hydiH^j^'en.  It  is 
ufsed   for   certain   parts   of    delicate    balances^ 


The  double  uiitchine.s  have  a  cutter  cylinder 
at  both  top  and  bottom,  so  that  each  face  of 
the  timber  is  planed  simultaneously.  Another 
class  of  planer  cotobines  the  roller-feed  type 
with  the  hand-feed  or  overhand  class,  an 
upper  table  passing  the  stuff  over  the  cylinder 
by  hand,  wliiJe  rollers  beneath  feed  it  through 
ujion  a  lower  feiblct  so  that  trying-up  and 
thick neasing  can  both  be  effected  upon  the 
one  machine.  The  wood  ii^  kept  down  '*  dead  *' 
to  the  table  in  the  pane!  planers  by  pre^^ure 
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Fig.  18.— PaiotBhop. 

and  in  the  manufacture  <jf  non-nuignetic 
watches. 

Pallet*^- A  dog,  a  ratchet.  The  forging 
blocks  attachetl  to  the  tup  and  anvil  of  a 
power  hammer. 

Panel  Planing  Machine- — A  wckkI 
planer,  Fig,  1 9,  Plate  III,,  in  wliich  the  stuff  rs 
fetl  through  by  rollers,  on  a  table  above  which 
the  cutter  cylinder  revolves.  Upper  feed  rollers 
grip  the  surface  of  the  timber  also,  but  these 
are  ypring-fitted^  to  give  to  inequalities  m\  the 
surface.  The  thickness  is  regukted  by  raising 
or  lowering  the  table,  and  the  term  thick tm»s- 
ifiif  mai^hine  is  applied  generally  to  this  type. 
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bars  before  and  behind  the  cutter  block. 
When  the  edges  of  boards  or  panels  ai-e 
r&.]uired  t*>  be  planed  or  tongued  or 
rnouldeil,  supplementary  vertical  spindles 
are  fitted  at  the  end  of  the  table,  to  carry 
cutter  blocks  which  operate  upon  the  edgetj 
simultaneously  with  the  planing  of  the 
face  or  facen. 

Pantograph. —The  value  and  use  of 
the  pant-ograph  have  considerably  de- 
creased since  tlie  introduction  of  photog* 
raphy,  by  which  enlargements  or  reduc- 
tions of  di^awing«  in  any  ratio  may  much 
more  e^isily  be  obtained.  An  illustration  is 
seen  in  Pig,  20  of  the  instrument  as  made  by 
W,  F.  Stan  ley  J:  Co, ,  Lt<l .  Tlje  f  o  u  r  tu  bu  lar  arms 
form  a  parallelogram  with  hinged  joints  at  n,  e, 
F,  D,  so  that  in  any  position  eh  —  dk,  antl  bf  =  ri>, 
Tlie  pantograph  is  pivoted  on  a  point  at  a  by 
means  of  a  weight,  a  pencU  is  fixed  at  d'^  and  a 
tracing  point  at  J.  The  instrument  moves 
freely  on  castors.  If  then  the  point  d'  be  moved 
over  the  lines  of  a  d^a^^ng,  the  tracer  at  j 
will  make  an  enlarged  copy  of  the  drawing, 
and  this  will  l>e  in  the  ratio  of  An'  to  aj. 
Conversely,  if  the  point  J  is  run  over  the  lines 
of  a  drawing,  the  point  n'  will  give  a  reduced 
copy.     The  ratio  of  reduction  or  enlargement 
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depends  on  the  ratio  ad'  to  aj,  and  this  may 
be  adjusted  by  sliding  these  points  along  their 
respective  rods. 


Fig.  20. — Pantograph. 


A  reliable  pantograph  costs  from  five  to 
twenty  guineas. 

Parabola. — The  figure  obtained  by  cutting 
a  Cone  parallel  to  one  of  its  sloping  sides.* 
The  curve  of  a  parabola  is  such  that  the 
distance  of  any  point  on  it  is  equidistant  from 
a  certain  fixed  point  s,  called   the  focus,  and 

a  certain  fixed 
straight  line  BC, 
called  the  direc- 
trix. Thus  in  Fig. 
21  PS  =  PB.  The 
point  A  is  the  ver- 
tex or  apex;  the 
line  AS  is  the 
principal  diameter 
or  axis,  and  the 
positions  of  the 
focus  and  directrix 
are  such  that   ca 

=  SA. 

To  Construct  a 
Parabola.  —  H  a  v- 
ing  given  the  base 
AB  and  the  height 
CD,  Fig.  21  ;  com- 
plete the  rectangle  as  shown  by  the  dotted 
lines,  and  divide  each  half  of  the  base  into 
any  number  of  equal  parts,  numbering  them 
as  shown.  Di\'ide  the  vertical  dotted  lines 
into  a  similar  number  of  equal  parts,  number- 


Fig.  21.— The  Parabola. 


ing  them  also  as  shown.  From  the  horizontal 
divisions  draw  vertical  lines,  and  from  the 
vertical  divisions  draw  lines  to  d.  Where 
similarly  numbered  lines 
cut  each  other,  a  point 
on  the  parabolic  curve 
is  found,  and  by  joining 
these  points  the  figure  is 
completed.  Obviously 
the  greater  the  number 
of  divisions  marke<l,  the 
greater  will  be  the 
number  of  points 
found. 

To  Find  the  Area  of 
a  Parabola.  —  Multiply 
the  axis  or  height  by 
the  base,  and  take  two- 
thirds  of  the  product. 

.  2  X  axis  X  base 

Area= . 

o 

To  Find  the  Lerujth  of  a  Parabolic  Curve. 
Length  =  2  x  ^(^  base-)  -i-  ^  x  (height-). 

The  parabolic  curve  is  of  particular  interest 
in  the  study  of  the  path  of  projectiles.  It  also 
provides  a  curve  of  great  strength  and  beauty 
in  structural  designs. 

Parabolic  Governor.  —  A  governor,  in 
which  the  centres  and  lengths  of  arms  are 
so  proportioned  as  to  cause  the  balls  in  their 
movement  to  describe  a  circular  arc,  which 
closely  approximates  to  the  arc  of  a  parabola. 
The  surface  of  a  body  of  water  whirled  nmnd 
and  confined  in  a  vessel  is  a  parabolic  curve. 
Tlie  surface  Ls  in  an  artificial  condition  of 
equilibrium,  and  the  angular  velocity  of  all 
the  particles  is  the  same.  In  an  isochronous 
parabolic  governor  the  action  is  too  sensitive. 
The  Imlls  rise  t<K)  rapidly,  and  do  not  fall  until 
the  speed  of  the  engine  has  lessened  sufticiently 
to  allow  them  to  fall  by  gravity.  This  over- 
sensitiveness  is  counteracted  by  a  suitable  load, 
as  by  a  spring  which  offers  an  increasing  resist- 
ance as  the  balls  rise,  or  by  a  weight.  In 
the  Galloway  parabolic  governor  two  cylindrical 
suspended  rollers  are  substituted  for  Imlls, 
being  suspended  by  links  from  a  cix)sshead  at 
the   top   of   the   spindle.     A   weight   rotating 
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with  the  spindle  has  slots  of  parabolic  form, 
along  which  the  rollers  slide,  but  which  checks 
the  too  rapid  rise  of  the  rollers. 

In  designing  a  parabolic  governor  the  height 
of  the  governor  must  be  first  settled  to  suit 
the  particular  speed  required.  A  parabola  is 
then  drawn  with  this  height  for  the  subnormal, 
and  with  its  axis  coinciding  with  the  axis  of 
the  governor  spindle.  The  subnormal  is  a  part 
of  the  axis  intercepted  between  any  two  lines, 
one  of  which  is  perpendicular  to  the  curve,  and 
the  other  perpendicular  to  the  axis.  That  part 
of  the  parabola  is  then  selected  which  is  most 
suitable  for  the  swing  of  the  balls,  and  normals 
are  drawn  from  thence;  where  these  normals 
intersect  is  the  centre  of  the  approximate 
circular  arc. 

Parallelepiped. — A  solid  having  six  faces, 
each  of  which  is  a  parallelogram,  each  opposite 
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Fig.  22.— Parallel  Lines. 


pair  of  faces  being  equal  and  parallel.  Pack- 
ing cases,  planks,  and  cubical  boxes  are 
parallelepipeds. 

To  find  the  volume,  multiply  the  areji  of  one 
face  by  the  depth  of  the  solid.  Since  the  area 
of  a  face  is  length  multiplied  by  brea^lth,  the 
formula  is : — 

Volume  =  L  X  B  X  D. 
Also, 

T       ^u     Volume     X*       ,,,      Volume 
^"^''^=   BxD   '^^'^^'^'-  LxD   ' 


Depth  = 


Volume 
LxB 


In  all  parallelepipeds  the  centre  of  gravity 
coincides  with  the  centre  of  weight. 
Parallel  Files. — ^Ve  Files. 
Parallel  Forces. — SV^^  Force. 


Parallel  Lines.— Parallel  lines  are  two  or 
more  lines  so  drawn  that  they  are  always  equi- 
distant from  one  another,  even  if  produced  to 
infinity. 

To  draw  a  line  parallel  to  another.  Fig.  22, 
(1),  AB,  at  a  given  distance,  CD,  from  it.  With 
centres  a  and  B,  and  radius  CD,  describe  the 
arcs  E  and  f,  and  draw  the  line  (JH  resting  on 
these  arcs. 

Through  a  given  point,  c  (2),  to  draw  a  line 
parallel  to  a  given  line,  ab.  With  a  as  centre, 
and  AC  as  radius,  describe  arc  cb.  With  centre 
b  and  same  radius  describe  arc  ae.  With 
centre  a  and  radius  BC,  cut  ae  in  e  and  draw 
line  EC 

Horizontal,  vertical,  and  oblique  parallel  lines 

may  also  be  quickly  drawn  by  the  use  of  set 

squares,    the    T    square,    or    the    straightedge 

placed  at  different  angles,  Fig.   22,  (3).    The 

parallel  rule,  or  the  rolling  parallel 

are  also  used  for  the  drawing  of 

parallel  lines. 

Parallel  lines  are  dealt  with  in 

a  few  propositions  in  Euclid^s  first 

book.      The    most    important    of 

these  propositions  in  its  practical 

bearing  is  : — "  If  a  straight  line 

fall  on  two  parallel  straight  lines 

it  makes  the  alternate  angles  equal 

to  one  another,  and  the  exterior 

angle   equal   to   the   interior  and 

opposite  angle  on  the  same  side, 

and  also  the  two  interior  angles  on  the  same 

side  together  equal  to  two  right  angles."     Thus 

in  Fig.  22,  (4)  the  angle  agh  =  angle  ghd,  and 

angle   E(;b  =  angle   ghd,  and  angles  boh,  ghd 

together  equal  two  right  angles. 

Parallel  Motions. — In  the^  early  atmos- 
pheric, and  steam  beam  engines,  the  piston  and 
pump  rods  wei-e  coimected  to  the  beam  by 
means  of  chains  hanging  over  the  ends,  or 
arch  heads  of  the  beam.  Watt  designed  the 
parallel  motion  to  enable  the  steam  to  push  the 
beam  upwards  through  a  rigid  connection. 
Essentially  it  consists  in  a  combination  of  levers 
b}"^  which  a  right  line  motion  is  derived  from  a 
circular  motion.  Though  it  occurs  in  several 
combinations,  the  principle  only  need  be  illus- 
trated by  a  diagram.  Fig.  23,  a,  b,  is  one 
half  the  beam,  rocking  about  the  centre  a,  c  is 
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the  piston  or  pump  rod ;  de,  db  are  connecting 
links,  D  rocks  about  the  centre  K.  Tliough  the 
ends  D  and  B  describe  arcs,  the  effect  is  that 
a  moves  in  the  straight  line  of  the  rod  c.  The 
dia(:n^m  shows  the  mid  positions  of  ab,  db  ; 
B  and  D  are  located  to  the  right  and  left  of  the 


Fig.  2a.— rarallel  Motiun. 

rod  c  to  equal  distances  only  at  the  middle 
position.  This  is  the  condition  which  ha3  to 
he  fulfilled  in  designing  such  a  motion.  The 
curve  described  in  the  movement  is  termed  a 
lemniscord,  and  resembles  a  much  distorted 
figure  8.  The  methods  of  marking  out  are 
shown  in  most  text-books. 

There  are  better  parallel  motions  than  the 
Watt,  that  invented  by  M.  Peaucellier  being 
exact.  This,  and  several  others,  may  l)e  best 
studied  in  Professor  Kennedy's  "  Mechanics  of 
Machinery." 

Parallel  motions  of  another  class,  to  which 
the  term  is  more  strictly  applicable,  are  those 
of  which  the  common  parallel  rule  and  the 
Rol^erval  balance  are  typical.  The  feathering 
paddle  wheel  is  essentially  a  similar  mechanism. 

Parallelogram. —Is  a  quadrilatei-al  figure 
having  its  opposite  sides  parallel  and  equal. 
The  Square,  Rectangle,  Rhombus,  and 
Rhomboid  are  thus  the  foui*  varieties  of 
]>arallelograms. 

The  square  and  rhombus  are  parallelograms 
with  all  sides  equal,  the  square  possessing  four 
right  angles.  The  rectangle  and  rhomboid  have 
only  the  opposite  sides  equal,  the  rectangle 
possessing  four  right  angles. 

Tliese  four  figures  have  certain  other  pro- 
perties in  common  : — (a.)  The  sum  of  the  four 
angles  equals  four  right  angles,  or  360".  (6.)  The 
area  of  each  figure  is  found  by  multiplying 
together  two  sides,  and  the  natural  sine  of  the 
angle  included  between  them,  (c.)  The  diagonal 
divides  the  parallelogram  into  two  equal  parts ; 


so  too  does  any  other  line  drawn  from  one  side 
to  the  opposite  one  and  passing  through  the 
centre  of  a  diagonal,  (c?.)  The  two  diagonals 
bisect  each  other  and  divide  the  parallelogram 
into  four  equal  triangles,  (e,)  The  opposite 
angles  are  equal,  and  adjacent  angles  are  to- 
gether equal  to  two  right  angles.  (/.)  The 
sum  of  the  squares  on  the  four  sides  is  equal  to 
the  sum  of  the  squares  on  the  two  diagonals. 
(^.)  Parallelograms  on  equal  bases  and  between 
tlie  same  parallels  are  equal. 

Parallelogram  of  Forces.— *SVe  Force. 

Parallel  Print.— -S'ee  Print. 

Parallel  Strips.— ^e«  Winding  Strips. 

Parallel  Vice.— «sv^  Machine  Vice. 

Paring  Chisel.— ^S^*'  Chisel. 

Paring  Gouge.—  fe  Gouge. 

Parson's  White  Brass.— An  alloy  used 
for  lining  bearings,  and  made  in  various  quali- 
ties. No.  '1  is  composed  of  copper  1  part, 
tin  68  parts,  zinc  30'5  parts,  and  lead  0*5 
part. 

Parting. — The  joint  in  a  foundry  mould. 
Division  is  proNddeil  for  by  dusting  a  layer  of 
parting,  or  burnt  sand  in  the  joint,  which  being 
dry  and  non-adhesive  permits  of  the  separation 
of  the  mould  parts  without  fracture.  Partings 
may  be  in  one  plane,  or  irregular,  as  when 
they  have  to  follow  the  outlines  of  patterns  of 
irregular  shapes.  They  are  shaped  by  hand 
with  the  trowel,  or  are  rammed  on  joint  boards, 
or  on  pattern  plates.  The  second  joint  may 
be  i-ammed  on  the  firat  one  of  sand,  or  both 
joints  may  be  i*ammed  on  plates.  See  Plate 
Moulding. 

Parting  Tool. — A  narrow  tool  used  for 
severing  work  in  the  lathe  and  other  machines. 
Its  narrowness  is  compensat^l  for  by  much 
depth,  and  it  is  narrower  away  from  the  cutting 
edge  than  at  that  locality.  It  may  or  may  not 
have  a  little  top  rake. 

Pass,  Passes. — The  passage,  or  the  act  of 
passing  a  plate,  bar,  or  section  through  rolling 
mills,  producing  reduction  in  area.  The  grooves 
are  also  termed  passes,  and  are  open,  or  closed. 
An  opp.n  pass  signifies  that  the  bodies  of  the 
rolls  do  not  touch  each  other  ;  in  a  cl<pf<t>d  pass 
the  rolls  ai*e  fitt(Hl  with  collars  and  i*ecesses, 
mutually  fitting.  In  the  first-nameil  the 
material    is   squeezed    out   laterally,   with   the 
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f urination  of  iin,  in  the  second  tlie  c>ppo!5it«  con- 
ilitioji  exists*  Hounds  iind  squaxTs  m^  rolltH.1 
in  open  passes  \  flats,  cliannels,  raik,  and  other 
sections  in  closed  passes- 
Pasting  — ^tirking  halves  of  cores  together 
with  clay  wash  or  core  |;,'iiiiis. 

Paternoster.  —  A    term   which    has    been 
applied  to  the  chain  pump,  and  to  the  water- 
r'aisin^  chain  bucket  wheel,  or  Noria. 
Path  of  Contact —.^f?  Arc  of  Contact 
Pattern-making:-— F^r  ^'^^'  pro<iuction  t>f 


Fig»  24.  — PiittL-ni -making. 

fni't^d  castings^  patterns  or  mtMlels  of  some 
kintl  ai-e  necessary,  usually  made  of  wiitjd,  and 
the  |mttern* maker  must  know  how  to  con- 
struct these.  It  18  necessary  to  take  into  con- 
Bidei^atiou  not  only  the  best  methixl  of  constnict' 
ing  a  pattern  of  given  form,  but  the  equally 
important  que^stion  of  how  it  is  to  mould  ;  that 
is,  which  will  be  the  bottom  and  which  the  tLi[> 
in  the  mould,  and  wdiere  should  the  mould  \m 
mtj«t  suitably  jointetl  in  ortlei"  to  withflraw  the 
|)attern.  This  question  of  inouldlng  is  impor* 
24 


taut  l>eeause  the  entii"©  cunstruclion  of  the 
pattern  often  depends  on  it,  for  only  in  a  few 
t^ses  can  patterns  be  made  precisely  like  their 
eastings.  Thus  even  in  very  simple  castings 
it  is  often  necessary  to  cone  holes,  ^^  Cores, 
and  Print,  instead  of  cutting  them  in  the 
pattern.  Tn  other  cases  patterns  have  ta  l>e 
jointed  anfl  divw^elled  loosely  in  two  or  more 
separate  jmrts  to  facilitate  or  make  withdrawal 
from  the  sand  jxjssible.  Fig.  :24,  a,  show^s  a 
pipe  pattern  in  halve^s  which,  when  together, 
ai*e  kept  in  correct  }x>si- 
tiun  by  dowels.  »  is 
an  example  of  a  loose 
boss  and  rJ  bona  bracket, 
the  latter  being  moulded 
downwards  \\\  the  pt>si- 
tion  shown, and  the  loose 
}>art  eoiidng  in  the  top. 
In  other  patterns, 
piojeeting  pieces  occur- 
ring in  the  vei  tical  sides 
of  the  mould  have  to  be 
skewered  on  loosely 
with  wires,  or  brads,  as 
in  Fig.  *24,  c,  wbich 
rep  JTsen  ts  a  pi  u  m  m  e  i* 
block  w4tii  facings  wired 
on.  The  wires  are  tiiken 
out  by  the  moulder  dur- 
ing ramming  up,  as  in 
D,  as  ioon  as  there  is 
suilicient  sand  round  the 
lofjse  piece  to  keep  it  in 
place.  Tlie  pattern  is 
then  withtlrawn,  leaving 
the  loow?  j>ie<.^es  l>ehind 
to  be  drawn  horisiontally 
into  the  mould,  and 
then  lifted  out.  For  this  to  be  |M>s.sible,  the 
parts  left  behind  must  of  course  always  be 
smaller  than  the  space  they  have  to  be  with- 
drawn through.  In  some  ease«  large  pieces 
may  be  withdrawn  through  a  smaller  space  by 
making  them  in  parts  tf>  draw  a  piece  at  a  time. 
K  is  an  instance  whei^  this  method  would  l>e 
adopte*!  if  no  other  way  of  moulding  the  pattei*n 
was  preferred.  F  shows  how  a  ring  wired -on 
would  have  to  be  jointed  to  enable  it  to  l>e 
drawn  in  at  all,  even  when  thin  enough  to  be 
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Mfted  out.  The  alteiTialive  woiikl  Ije  a  plane 
•wild  Joint  above  the  ring,  and  tlusli  with  its 
tup  fajee,  Ixioae  pieces  are  objectionable  because 
of  die  extra  trouble  in  niiiuldin^,  and  l^KK^ause 
of  theu*  liability  to  get  lost,  anrl  thei-efore 
another  methotl  of  moulding  is  often  decided 
on  in  preference  to  employing  them  to  a  con- 
siderable extent  on  a  pattern.  The  usual 
alternatives,  if  the  jiattern  cannot  be  moulded 
in  a  way  that  will  not  i-e«juii'^  them  to  be  loose, 
is  to  put  on  prints  and  core  out  the  spaces,  or 
make  joiut^s  in  the  mould,  and  generally  in  the 
j.»attem  afeo^  so  that  when  the  upper  portion  is 
lifte*i  away,  the  top 
Ciijps  of  the  project- 
ing parts  are  left  bare 
and  free  to  draw  up 
without  tearing  up 
Hitid.      Another  way 

\a  to  employ  a  Draw- 
back. Fig.  25,  o, 
giiuws  bow  a  down- 
joint  may  be  made  in 
tJie  mouldf  avoiding 
both  a  loose  piece  and 
a  jointed  pattern, 
bu  t  n  ecesssi  ta t  i  ng  a 
tr^iublesome  ^and 
joint.  Tlie  exaniple 
i*^  a  plummet  block 
like  that  in  Fig.  2i, 
r*  L  shows  a  pattern 
BimiUrto  that  in  Fig. 
HI,  K,  but  jointt?d  to 
correspond  with  a 
joini  in  the  moulds 

The  pattern-maker 
generally  haw  to  choose  between  several  possible 
ways  of  making  a  niouUL  In  some  eas^  a 
pattern  i**  not  made,  but  the  mould  is  formed 
by  hiam  b^mrds,  -S>tf  Loam  Moulding;,  and 
Strickles*  Large  plain  cylindrical  castings 
mx%  ifeneraUy  made  in  this  way.  Tn  others  a 
loftm  pftttero  is  swept  up,  and  often  a  consider* 
able  number  of  wwxl  attachments  put  on  it. 
•^«  Loam  Patterns.  In  othei^  the  mould 
is  made  up  if  nun  cc»re.s,  which  when  titteil 
ti^gifthcr  form  the  mould. 

In  «:a^e<4  where  there  is  repetition  of  detail^  a 
portion  or  section  of  a  pattern  only  is  necessary, 


which  is  miDved  fi-om  place  to  ]>lace  on  a  l>ed 
marked  out,  and  Siind  rammed  r«:>und  till  the 
mould  is  complete.  In  other  cascj*  a  skeleton 
pattern  is  ^nfticient.  A  mould  for  a  plate  for 
in^itance  may  be  formed  Vjy  a  skeleton  pattern 
and  strickle  as  in  Fig.  1*5,  n,  tlie  strickle  l)eiug 
used  to  level  the  sand  out  fi'om  the  interior,  so 
that  when  the  pattern  is  withdrawn  the  mould 
is  the  same  an  if  a  *jolid  plate  pattern  had  been 
used. 

Castings  differ  so  much  from  e^cU  other  that 
tlie  %'arious  possible  ways  of  making  any 
j>articular  one  ha\'e  to  be  weighed,   bi   <irder 


^^:- 


^f^\^  v_ 


"^fy^- 


'^:z\ 


Fig.  2o. — Pattern- making. 


to  determine  which  is  the  most  economical 
method  of  producing  the  mould.  The  number 
of  eastings  required  is  also  an  important 
elementj  for  a  makeshift  method  that  would 
be  quite  satisfactory  and  beist  if  only  one  was 
wanted  would  not  do  at  all  for  a  great  number. 
Genei"ally  when  one,  or  only  a  few  castings! 
of  a  particular  fonn  are  required,  the  prin- 
ciple is  tro  cut  down  the  pattern -work,  and 
go  to  extra  trouble  in  the  foundry  ;  but 
when  a  great  number  are  wanted  the  reverse 
policy  is  obvnously  more  economical.  In  such 
a  ca*ie,  work  is  saved  in  the  foundry  bv  piT>- 
viding  the  moulder  with  a  pattern,  or  some- 
times a  number  of  similar  patterns,  made  in 
the  best  possible  way  U^  simplify  the  moulding 
of  cjkstings.  And  besides  tliii?,  the  patterns  must 
then  V^e  constructed  and  finished  t-o  endure  long 
service,  a  point  that  is  not  important  when 
they  are  not  likely  to  be  subjected  to  much 
wear. 

Small  patterns  for  i-egular  service,  especially 
when  of  slender  proportions,  are  made  of  metah 
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genemlly  cast  from  au  original  wood  pftttei'n 
im  whieh  douljle  shi'inkiige  has  Ijeen  allowc?*!. 
The  wood  gene  rill  Iv  used  ffn*  |>fit  terns  is  yellow 
pine.  When  extra  onduiunce  is  requii-ed 
mahogany  is  employed,  but  chiefly  for  atnall 
woi^k.  Other  w^nmlf^  aiT  occtisionally  useil,  but 
for  lightness,  freedom  fn>iii  warping,  and 
facility  in  working,  yellow  pine  is  the  l>est  that 
fan  be  obtained  cheaply. 

Patterns  require  slight  amounts  of  lap^^  or 
draught  in  tlie  direction  in  which  they  draw 
from  the  mould,  to  enable  them  to  leave  the 
sand  without  dittieulty.  In  some  parts,  such  a.s 
woi'king  faces  wdnch  have  to  bt?  machined  at 
tLxed  angles  to  otbeiii,  the  taper  can  lie  only 
slight,  but  in  other  parts  more  should  be  given. 
Thus  a  bed  as  in  Fig.  !25,  j,  which  would  be 
moulded  with  itB  top  face  downwards,  must 
ha^e  a  gj^at  deal  of  taper  given  to  its  sides, 
by  sloping  them  so  tliat  the  jipintl  ctjuld  be  lifted 
out  of  tlie  inner  imrt,  and  the  pattern  would 
easily  draw  from  the  outer  sand.  But  if  a 
vertical  face  was  requiretl  at  «,  only  a  very 
slight  amount  of  taper  could  be  allowed  there, 
or  else  a  great  and  unequal  amount  of  machin- 
ing  would  be  necessary  to  nmke  it  vertical  In 
a  ciiso  like  K,  wdiere  the  taper  involvt^a  thinning 
down  the  section  of  the  sides,  it  is  seldom 
possible  to  give  as  much  taper  as  in  cases  like 
.1,  but  when  the  sides  are  shallow,  or  in  castings 
such  as  fire-bars,  where  the  taper  is  i-equired  in 
the  casting,  the  section  may  be  made  much 
thinner  at  bott<:»m  than  at  top.  In  many, 
as  in  the  foot  of  a  l>rauket  like  u,  <me  side 
a  of  the  tapere<l  pai  t  is  a  w^orking  face,  w  hich 
must  be  kept  as  nearly  as  possible  scjuare,  while 
a  considerable  amount  of  ta|>er  can  be  allowed 
on  the  other  side  A.  More  tai>er  is  necessary  on 
interior  faces  which  enclose  sand  than  on 
outer  ones.  Tliuii  in  a  case  like  k  moi'e 
taper  would  be  allowed  tm  the  inside  than  *>n 
the  outside.  Sm  Alterations  to  Patterns^ 
Bevel  Gears  Patterns  for.  Boxing  up. 
Column  Making,  Core  Box>  Fillets^ 
Gears,  Half- Lap  Joint,  Lagging  up^ 
a:c.  tte. 

Pattern  Registration.— A  proper  registra- 
tion of  patterns^  to  facilitate  references,  and 
entries,  a  systent  of  ortler  numbers,  aufl  a  good 
method  of  charging  out  and  storing  castings 
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stand  in  intimate  relation  to  each  other.  The 
neglect  of  these  matters  causes  inevitable 
confuwion,  loss  of  time,  and  frecjuently  ioss 
of  pattern  jmrts,  and  the  going  astray  of 
castings  even  in  a  foundry  where  only  a  few 
tons  oi  castings  are  made  in  a  day,  while 
such  evils  are  magnified  with  inci'eitse  of 
output. 

The  patterns  in  a  works  of  m^Klei^te  sijec  only, 
which  has  been  in  existehce  for  but  a  few  years, 
will  number  some  tens  of  thousands.  A  lai*ge 
proportion  of  these  are  construeted  with  several 
pieces  detachable  from  the  main  lx>dy  of  the 
patteiTi,  besides  w^hich  most  patterns  have 
satellites  in  the  forni  of  core  boxes,  oft-en 
ranging  in  nmnber  from  one  to  a  dozen.  Un- 
less each  pattern,  therefore,  and  every  one  of 
its  IcKise  details  is  xTgisitered,  frequent  losses 
are  inevitable  between  the  pattern  shop,  pattern 
stores,  and  the  foundry.  Each  pattern,  witli 
all  its  looser  parts  should  be  stamped  with  a 
reference  immber,  ent-ered  also  in  a  registration 
book,  or  on  a  card  in  some  systems ^  and  by 
which  it  can  l>e  identified  now  or  years  hence. 
Then  there  are  the  **  order  numbers  "  or  numbers 
by  which  oHice  oi'ders  are  issued  to  all  the 
departments  of  a  w^orks,  and  these  are  used  in 
conjunction  with  i>attern  immbers ;  e.y.,  Order 
number  B.  480.  Pattern  number  C.  8406, 
Numbers  rec[uired  off,  50.  The  same  numbers 
are  usetl  for  charging  out  and  storing  the 
castings  by*  Ho  many  castings  to  such  an  order 
number,  from  such  and  such  pattern  numbers. 
And  so  these  numbers  go  right  through  the 
shops,  and  time  and  materiaU,  charges^  ttc,  go 
back  into  the  oilice  in  conneetion  with  theae 
numbers. 

Pattern  Shop. — A  fiat  tern  shop  (i^ee  Fig, 
26,  Plate  111.,  and  Fig.  tiT,  Plate  IV.)  may  l>e 
either  a  department  of  an  engineering  firm,  or 
it  may  be  an  independent  shop  taking  oitlers 
from  firms  wducli  lind  it  more  convenient  to 
put  out  some  or  all  of  their  pattern  w^ork. 
Pattern  shops  vary  considerably  in  size  and 
equipment.  There  are  rather  fewer  machines 
emplo3*ed  in  jiatt^rn -making  than  in  most  other 
trade**,  because  patterns  vary  so  greatly  that 
beyond  sawing  and  planing  there  is  not  much 
that  machtne^s  can  do  to  assist  the  pattern- 
maker,     loathes   are    necessarj%   and    in    this 
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Fig»  27*— PATTinis  Snor,     |M*iri»liall,  SnuSi  ^  Co, ,  Lttl.,  < ininsbot-ougb. ) 


Fig*  3L— 'P«5iDrLra*  Saw* 
{Tbim.  Uc^inmm  k  Scjti.  L|tL) 


Fig.  38,— 7S  B.H,1\  Pktkol  Enuixk,    {John  L  Thoniycroft  k  Cb.,  Li«U) 

To  j'ticf  i^^is^*-  ^i^ 
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respect  the  equipment  of  the  pattern  shop 
differs  from  that  of  the  carpenters',  joiners', 
and  other  wood-working  shops,  except  of  course 
that  of  the  wood  turner,  who  works  exclusively 
at  the  lathe. 

Tlie  shop  must  be  pn)vided  with  wood-workers' 
benches,  means  of  heating  glue,  sawstools,  and 
trestles,  long  straightedges,  large  drawing  boards 
of  various  sizes,  a  large  assortment  of  screws 
and  wire  nails,  shooting  and  angle  boai*ds,  glass- 
paper,  shellac  varnish,  and  numerous  other 
trifles,  apart  from  the  machinery.  Tlie  ordinary 
bench  tools  are  generally  owned  by  the  pattern- 
makers themselves,  but  a  considerable  number 
of  shop  t<K3ls  are  desirable,  such  as  handscrews, 
long  rules,  and  large  trammels.  With  the 
exception  of  benches  and  handscrews  the  wood 
articles  mentioned  are  generally  made  in 
the  shop.  A  grindstone  or  emery  wheel  is 
i-equired  for  grinding  tools. 

There  should  be  at  least  two  lathes,  one 
for  large,  and  one  for  medium  and  small 
work.  In  most  shops  not  less  than  three 
are  advisable,  because  such  a  quantity  of 
turned  work  of  medium  size  is  required 
that  men  are  sometimes  delayed  through 
having  to  wait  for  the  use  of  a  lathe. 
Tliis,  however,  depends  on  the  number  of 
men  employed.  Wood-workers'  lathes  pro- 
\  ided  with  fork  centres,  face  plates,  and 
cup  chucks,  are  required,  and,  of  course, 
should  be  driven  by  power. 

If  t>nly  one  machine  saw  is  installed  it 
should  be  a  Band  Saw,  but  a  Circular  Saw 
Bench  is  extremely  useful  and  desirable.  If 
the  number  of  men  employed  justifies  it,  more 
than  one  of  each  of  these  machines  should  be 
installed.  The  circular  should  have  separate 
saws  for  ripping  and  for  cross-cutting.  If  large 
and  heavy  work  is  done,  a  cross-cut  circular 
on  a  swing  arm  is  useful  for  cutting  to  length. 
Ilie  saws  require  sharpening  every  few  days, 
and  it  should  be  someone's  duty  to  attend  to 
this  and  see  that  they  are  in  g<Kxl  working 
onler. 

Planing  machines  ctmie  next  in  impirtance 
to  saws.  They  save  a  great  deal  of  time  and 
laborious  work.  They  are  used  both  for  sur- 
facing, or  jointing,  as  it  is  called,  and  for 
}>laning  to  thickness.     Some   are   intended   to 


perform  only  (me  of  these  operations,  while 
others  will  do  both. 

The  trimmer  is  a  veiy  useful  machine  for 
squaring  ends ;  more  useful  perhaps  in  the 
pattern  shop  than  in  any  other  branch  of 
woodwork.  There  should  be  one  of  these 
within  convenient  distance  of  every  workman. 

Power  for  driving  the  machinery  may  be 
obtained  from  an  engine  in  the  shop,  which  may 
be  a  gas-driven  engine  if  steam  cannot  con- 
veniently be  conveyed,  but  in  mast  cases  the 
pattern  shop  is  situated  close  to  others  and 
shafting  is  brought  through  the  wall.  Electric 
driving  may  be  installed.  The  pattern  shop 
should  be  as  near  the  foundry  as  convenient, 
and  should  have  a  doorway  through  which  the 
largest  work  may  pass  without  difliculty. 


Fig.  28.— Shelves  in  Pattern  Store. 

Pattern  Stores. — As  patterns  accumulate 
rapidly,  and  it  is  seldom  advisable  to  take  them 
aptirt  and  use  the  material,  it  is  important  that 
they  should  be  stored  so  that  any  {mttern 
required  can  be  readily  found.  So  much  space 
is  required  for  their  storage  that  a  separate 
building  is  generally  necessary-.  It  should,  of 
course,  be  free  from  dampness,  and  be  well  j>i*o- 
vided  with  windows  to  avoid  as  much  as  possible 
the  use  of  artificial  light  in  looking  for  patterns. 
It  should  also  l>e  within  easy  distance  of  both 
foundry  and  pattern  shop.  The  interior  of  a 
pattern  stores  is  fitted  with  shelves.  These 
extend  all  round  the  walls  and  form  avenues 
across  the  floor,  so  that  no  space  is  unoccupied 
except  that  necessary  for  walking  in.  Very 
large  patterns,  of  course,  cannot  be  stored  on 
shelves  but  must  gi»  on  the  floor.     Columns  and 
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pifK?s  may  go  in  racks  similar  to  those  used  for 
tiiiiWr.  If  the  building  is  more  than  one  story 
high  tlie  large  patterns  ahould  be  on  the  gr^mud 
floor,  and  shelve.<ii  may  also  be  proWdefl  there 
ftir  patt4?ni8  uf  niiiderate  wize^  but  a  erjnsiderable 
nijiotjnt  of  Hofjr  spiwie  inu/^t  li**  left  clear  for 
jitorage.  A%Tnues  of  shelves  may  be  con- 
structed as  in  Fig.  28.  Patterns  may  be 
either  stoj*ed  all  nf  a  kind  ttigether^  or  a  set  of 
patterns  for  any  particular  machine  MUire*!  in 
a  gmup.  Generally  K»th  systems  ai"e  adopt-cd^ 
becaui^e  most  Jiriiis  make  standard  machines 
which  are  const-antly  lieing  repeated,  while  a 
lot  of  other  work  is  casual  and  miscellaneous  in 
character.  Tliere  is  often  rto  objection  to 
altering  patterns  of  the  latter  class  to  make 
them  come  in  for  other  (Kid  workj  and  if  they 
are  stored  so  tliat  all  bushea,  brasses,  brackets, 
iSfC,  ai'e  kept  together  t*^  select  from  when 
CJistings  are  required,  time  is  saved  in  .search- 
ing, and  similar  patterns  iu-e  less  likely  t-o  lie 
made  twice  over. 

When  the  stock  of  patterns  is  very  large 
it  is  advisable  to  have  some  record  of  what 
is  in  the  stcu-esj  and  where  things  are  to 
be  found.  This  may  Ije  done  by  numbering 
both  shelves  and  important  patterns,  aiici  keep- 
ing particuIai'H  in  a  book,  s<3  that  if  jmt terns 
are  put  in  their  proper  place  when  they  come 
from  the  foundry  they  may  l>e  quickly  found 

ift'hen  wanted  again,  *?fi(?  Pattern  Regis- 
tration. 

Pawl,  oi-  PauL — A  device  for  arresting,  or 
iniparting  a  movement  of  some  kind  at  a  definite 
stage  or  stages.  1 1  occurs  in  two  forms,  one  is  the 
detent  or  ratchet  pawl  for  stopping  the  rota- 
tion of  a  wheel  at  positions  corresponding  witli 
the  spacing  or  pitch  of  the  teeth.  The  other 
js  the  catch  pawl,  by  which  the  endlong  move- 
ment  of  a  shaft  i^  checked  at  a  stage  which 
corresponds  with  the  in  or  out  of  ge^ir  positions 
of  toothed  wheels.  In  the  detent  type  the 
movement  of  the  ratchet  wlieel  throws  the  jmiwI 
out  of  engagement  by  reason  i»f  the  slope  of  the 
teeth.  It  is  compelled  to  fall  into  the  next 
tooth  by  the  action  of  gravity,  or  moiT  generally 
by  that  of  a  spring  which  operates  in  any 
position  of  the  pawl.  Many  pawls  are  double, 
to  act  when  thrown  over  to  right  or  left.  In 
such  a  case  the  teeth  are  like  ordinary  gear 
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wheel  teeth  instead  of  the  ratchet  or  sloping 
tyiM3^     ^^^^  Ratchets- 

The  shaft  pawl  falls  bet^veen  collai"^  nn  the 
shaft  to  give  the  in  or  out  positions  of  the 
gears.  It  is  lifted  and  dropped  by  hand,  and 
is  usually  made  heavy  to  ensure  its  lying  in 
pos  i t  ion  sec  ii  i-ely . 

Peak  Load. — The  highest  load  on  a  central 
station. 

Pearlite.^^  A  mi:Kture  of  ferrite  and  cement- 
ite,  deriving  its  name  from  the  colours  pr<>- 
duced  by  etching,  which  resemble  those  of 
mother  of  pearh  It  ia  either  lamellar  or  gi^anu- 
lated  in  appearance.  Tlie  first  exists  in  steel 
which  is  e<X)led  x^rj  slowly  from  a  high 
temperature.,  and  particularly  in  steel  which 
is  not  annealed.  The  pea,rlite  in  steel  which 
is  annealed  at  just  l>elow  Ar^  is  j;j;ranular. 

Pease  Meal,  or  Pea  Flour. — Used  f*ir 
1  lusting  brjLss  moulds. 

Peat. — A  fuel  of  variable  utility,  ranging 
from  the  light  brown  spongy  variety  to  the 
heav3-  pitch-like  substance  approaching  to  lig- 
nite, llie  fii-st  is  that  found  near  the  surface, 
the  second  at  the  lowest  stratum  oi  boggy 
gi'ound.  The  various  stages  represent  stagea  in 
the  obliteration  of  the  original  organic  structure 
of  the  mosses,  which  have  been  changed  in  the 
presence  of  moisture,  with  partial  exclusion  of 
air.  Peat  may  be  likened  to  wo*xl  in  respect 
of  ity  organic  com|K>sition  ;  but,  unlike  wcxid,  it 
contains  from  5  to  20  per  cent,  of  incombustible 
matter,  chiefly  sand.  Peat  is  prepaid  for  use 
by  air  drying,  in  which  state  it  crumble^s 
readily.  Methods  t>f  compression  are  in  use, 
by  which  it  is  ctmsolidated  and  its  objection- 
able bulk  diminished. 

Air-dried  peat  contains  froni  about  8  to  25 
|>er  cent,  of  wat^r.  Its  specific  gravity  varies 
from  O'l  to  I'O.  Its  average  chemical  com- 
position is,  carbon,  52  to  66  ;  hydrtigen,  4*7  to 
7-4;  oxygen,  28  to  39;  nitrogen,  1-5  to  :^  per 
cent.  Its  calorific  value  ranges  from  3,000  t-o 
3,500  units.  Peat  is  readil}'  inHamnmble,  and 
burns  with  a  red  smoky  flame  with  a  charac- 
teristic odour.  It  3*ields  a  large  amount  i.if 
ash.  It  is  used  in  steam  raising  and  metal- 
l u  rgi cal  |iix>cesses. 

Pedestal-^ — A  plummer  block.  ^W  Bear- 
ings. 
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Peel. — A  long-handled,  flat-ended  implement 
used  to  distribute  the  half  pigs  of  iron  over  the 
hearth  of  an  open-hearth  steel  furnace,  when 
charged  by  hand.  It  is  about  1 1  ft.  in  length, 
and  the  flat  end  about  8  in.  by  5  in. 

Peg  and  Cup  Dowells. — Dowells  of  brass 
comprising  a  plain  pin  and  plain  hole,  each 
being  held  in  place  by  circular  groovings. 
Being  driven  into  the  soft  Vood,  the  swelling 
of  the  latter  fills  up  the  annular  grooves  and 
retains  the  peg  and  the  cup  in  place. 

Pegging  Rammer.  —  See  M  o  u  1  d  e  r  s' 
Tools. 

Pelton  Wheel. — A  type  of  impulse  water 
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Fig.  30— Bucket  of  Pelton  Wheel. 

motor  conveniently  classed  with 
the  turbines.  It  is  also  termed 
a  jet  wheel  and  a  hurdygurdy  in 
the  mining  districts  of  America, 
where  its  use  first  became  estab- 
lished. Its  efficiency  is  very  high, 
being  as  much  as  80  per  cent. 
It  comprises  a  set  of  double 
buckets  arranged  rouild  the  peri- 
phery of  a  wheel,  and  driven  by 
water  issuing  from  a  nozzle,  under 
pressure  due  to  head,  or  to  that  artificially  pro- 
duced, as  in  the  high-pressure  systems  of  towns. 
The  water  strikes  the  buckets  normally  to  their 
faces,  or  at  90**.  The  buckets  being  double, 
the  water  strikes  the  ridge  formed  by  the 
meeting  of  the  buckets,  and  is  carried  round 
some  distance  before  it  escapes.  The  simplicity 
of  the  wheel,  apart  from  its  efficiency,  explains 
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its  growing  popularity.  In  districts  where  sand 
and  grit  are  mixed  with  water  the  cutting 
action  on  turbine  blades  is  serious.  Tlie 
buckets  of  the  Pelton  wheel  can  be  readily 
replaced.  The  framing  is  also  very  simple, 
being  either  of  wood  or  ii*on.  The  nozzles 
used  may  be  single  or  double,  capable  of 
regulation,  or  not.  The  single  nozzle  is  the 
more  common.  But  if  the  speed  of  the 
wheel  with  a  single  jet  is  insufficient  to  give 
the  power  required,  two  jets  will  give  nearly 
twice  the  power  of  a  single  jet  for  the 
same  size  of  wheel.  Another  method  is  to 
place  two  or  three  single  jet  wheels  side 
by  side  on  the  same  shaft. 

As  the  power  from  a  given 
size  of  wheel  is  increased  by  in- 
creasing the  volume  of  water 
made  to  impinge  on  the  buckets, 
this  is  taken  advantage  of  for 
regulation.  Two  or  three  nozzle 
tips  of  different  sizes  are  made 
to  interclmnge  on  the  same  wheel 
to  suit  variations  in  water  supply. 
The  supply  may  be  regulated 
roughly  at  the  stop-valve,  but 
a  better  plan  is  to  have  a  spear 
rod,  which  is  pushed  into  or 
drawn  back  out  of  the  nozzle 
tip.  A  more  precise  and  auto- 
matic arrangement  is  by  govern- 
ing, by  which  the  area  of  discharge 
is  increased  or  diminished. 

Fig.  29  illustrates  a  Pelton 
wheel  of  3  ft.  diameter,  by  Messrs 
Car  rick  k  Ritchie.  The  casing 
is  made  of  steel  plates  and  angles. 
The  upper  part  of  the  casing  is 
removable.  A  door  is  provided 
in  the  side  to  give  access  to  the 
nozzle  for  the  purpose  of  chang- 
ing it.  The  nozzle  casting  a 
is  bolted  to  the  end  plate,  which  is  there- 
fore m£ide  thicker  than  the  other  plates.  A 
sluice-valve  b  is  fitted  to  the  nozzle  casting. 
The  nozzle  is  of  the  regulating  type,  the  spear 
rod  c  being  moved  inwards  or  outwards  by 
the  hand-wheel  d,  operating  the  bevel  gears 
E,  and  screw  f  on  the  spear  rod,  as  shown. 
The  wheel,  outlined  at  g,  is  carried  on  a  steel 
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shaft  with  three  self-oiling  bearings.  Two  of 
the  standards  are  fixed  immediately  outside  the 
casing,  the  third  at  a  little  distance  away  to 
allow  room  for  the  driven  pulleys.  The  pulleys 
are  of  a  size  suitable  for  transmitting  the  power 
of  the  wheel  at  a  speed  of  3,000  ft.  per  minute. 
A  drawing  of  a  bucket  to  a  larger  scale  is  shown 
in  Fig.  30. 

Pendulum. — The  study  of  the  oscillations 
of  a  pendulum  has  attracted  scientists 
and  philosophers  for  many  centuries. 
A  weight  suspended  by  a  thread 
has  revealed  the  acceleration  due  to 
graWty,  the  earth's  mean  density,  and 
supplied  a  proof  of  the  perpetual  rota- 
tion of  the  earth  round  its  axis.  In 
engineering  it  is  also  closely  connected 
with  the  laws  governing  the  pendulum 
governor. 

Experiment  with  a  nut  attached 
to  the  end  of  a  thread  will  reveal  the 
following  truths : — (a)  for  very  short 
swings,  no  matter  what  length  of  thread 
be  used,  the  time  of  each  oscillation  is 
practically  the  same ;  (6),  the  shorter 
the  thread,  the  faster  the  weight  swings, 
and  the  longer  the  thread  the  slower  it 
swings.  By  experimenting  with  strings 
of  varying  lengths  it  will  be  seen  that  a 
thread  a  quarter  the  length  gives  twice 
the  number  of  oscillations  in  a  given 
time,  a  thread  one-ninth  the  length 
gives  three  times  the  oscillations,  and 
so  on.  That  is,  the  number  of  oscilla- 
tions varies  inversely  as  the  square 
root  of  the  length  of  thread. 

The   relation   between   the   various 
factors     connected     with     a     pendu- 
lum   is   shown    in   the    proportion, — 
(r  '.1^  \\l\gy  where   i  is  the  time  in 
seconds  of  one  oscillation ;  tt,  the  ratio  of  the 
circumference   to  the  diameter  of  a  circle  = 
3*1416 ;  /,  the  length  of  the  pendulum ;  and  ^, 
the  acceleration  of  gravity.     From  this  relation 

the  time  of  swing  may  be  found, — t 
g  may  be  calculated, — g  =  — ^ . 


ing  in  a  vertical  plane,  the  fonnula  becomes : — 

t  =  1-ir    /"'^  A -[being  the  altitude  of  the  cone. 

^  9 
Where  the  number  of  revolutions  per  minute,  »i, 

is  considered,  w  =    -    /•7. 

Pendulum  Governor.— The  ordinary  type 
of  governor,  which  is  based  on  the  swing  of 
the  pendulum.    See  Governors. 


"•J^ 


or 


In  a  conical  pendulum,  in  which  the  weight 
rotates  in  a  horizontal  circle  instead  of  oscillat- 


Fig.  32. — Penstock. 

Pendulum  Hammer— A  smith's  monkey, 
which  is  suspended  and  swung  from  a  beam 
overhead. 

Pendulum  Saw. — A  type  of  cross-cut  saw, 
t'mployed  for  parting  off  pieces  of  small  and 
moderate  cross  section.  It  is  a  cheap  and 
handy  machine,  and  takes  up  but  little  space. 
Fig.  31,  Plate  IV.,  illustrates  one  of  this  type. 
The  circular  saw  is  attached  to  a  mandrel  run- 
ning in  bearings  at  the  bottom  of  a  suspended 
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frame,  hung  on  trunnions  supported  by  brackets 
either  on  a  wall,  or  upon  a  ceiling.     The  driv- 


Fig.  33. — Penstock,  with  Wedge  Blocks. 

ing  pulley  is  mounted  on  a.  shaft   within  the 
trunnion  bearings,  and   is   belted  down   to  a 
pulley  on  the  mandrel.     Fast  and  loose  pulleys 
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for  shipping  the  belt  which  comes  from  the 
countershaft  are  placed  alongside  the  top  driv- 
ing pulley.  The  whole 
arrangement  is  hung  above 
a  long  bench  which  supports 
the  lengths  of  timber  being 
sawn,  and  the  saw  passes 
through  a  slit  in  the  bench 
when  drawn  forward  by 
means  of  a  handle  fixed 
in  front  of  the  mandrel 
bearings.  A  counterweight 
device  returns  the  swing 
frame  to  the  rear  when  the 
handle  is  released.  The 
bench  is  usually  provided 
with  a  rule,  and  gauge 
stops,  by  which  repetition  sawing 
can  be  done  without  the  necessity 
for  measurement.  The  name  Sieiiu/ 
Saw  is  often  applied. 

The  Hot  Iron  Saw  of  pendulum 
type  is  illustrated  under  that  head- 
ing. 

Penstock. — A  gate  which  con- 
trols the  discharge  of  water  from 
a  dock  sluicing  for  the  maintenance 
of  a  fair  way  in  the  entrance 
channel.  Also  termed  a  paddle. 
The  penstock  is  of  cast  iron,  sliding 
in  a  frame  of  iron,  either  in  a  culvert, 
or  a  dock  gate.  Lifting  it  effects 
communication  between  the  water 
in  the  dock  and  the  channel  outside. 
When  there  is  a  difference  in  level 
a  current  is  produced,  and  its  rush 
clears  away  mud  and  deposit  from  the 
waterway.  The  large  valves  used  in 
sewers  are  also  termed  penstocks. 
Screws,  or  worms  working  in  racks 
are  used  for  operating  penstocks, 
and  hand,  hydraulic,  and  electric 
power.  Figs.  32  and  33  illustrate 
penstocks  by  Glenfield  &  Kennedy, 
Ltd.,  of  Kilmarnock.  They  are 
operated  by  worm  and  spiral  rack. 
In  these  figures  a  represents  the 
penstock  door,  b,  c  the  main  framing,  in  two 
pieces,  in  Fig.  32  ;  a,  a  gun-metal  strips  on  the 
working  faces.     Strips   h   bolted  to  B  confine 
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the  door  tightly  against  the  faces  of  the  open- 
ing. The  girder  D  carries  the  bearing  for  the 
worm  E  which  operates  the  spiral  rack  f.  The 
worm  is  hand-operated  by  the  handle  g,  and 
gears  h.  The  weight  of  the  door  is  counter- 
balanced by  weights  j,  the  chains  for  which 
pass  over  the  pulleys  K,  K.  The  bolt  holes 
e,  c  are  for  bolting  the  main  framing  into  the 
masonry  of  the  culvert.  In  Fig.  33  provision 
is  made  by  adjustable  wedge  blocks  rf,  for  taking 
up  the  wear  on  the  faces  of  the  door  and  the 
guiding  faces.  The  wedge  blocks  are  moved 
forward  by  the  screws  c,  e,  and  the  slot  holes 
/,y'in  the  strips  6  give  a  range  for  tightening 
*the  bolts. 

Penstock  also  denotes  a  trough  which  con- 
ducts the  water  to  a  water-wheel  or  turbine. 

Pentag^Oa.  —  A  polygon  with  five  sides. 
For  the  mensuration  and  construction  of  the 
pentagon,  see  Polygon.     The  following  is   a 


Fig.  34. — Pentagon. 

particular  method  of  constructing  a  pentagon 
on  a  given  base  ab,  Fig.  34.  Bisect  ab  and 
draw  a  perpendicular  CD.  Make  ce  =  ab. 
Join  BE  and  produce  the  line,  making  ef  =  ac. 
With  radius  bf  and  centre  b  describe  the  arc 
FD,  cutting  CD  in  D.  d  is  then  the  apex  of 
the  pentagon.  With  d  as  centre,  and  radius 
AB  describe  arc  gh.  With  the  same  radius, 
and  A  and  b  as  centres,  describe  arcs  cutting 
GH  in  o  and  H.     Join  AG,  bh,  gd,  hd. 

Percentages. — A  percentage  is  a  propor- 
tionate amount*  in  each  hundred  (Lat.  cetUuniy 
a  hundred).  By  stating  the  relation  of  one 
number  to  another,  as  so  many  in  a  hundred, 
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a  useful  standard  of  comparison  is  obtained. 
The  symbol  %  is  used  to  denote  the  words 
"per  cent."     Thus   10  %  means  10  in   every 

hundred,  or  —g,  i.e.,  —  of  any  quantity ;  -  % 

100  800  160'  /°  100  100  10000* 
Many  percentage  calculations  may  thus  be 
worked  by  vulgar  fractions.  Suppose,  for 
example,  a  brand  of  high-speed  tool  steel  contains 
3  %  of  chromium.     In  a  hundredweight  of  this 

steel   there   would    thus   be 


3  112  ,,  . 
— — -  X  — —  lb.  of 
100       1 


chromium,  or  3*36  lb.     If  bell  metal  contains 
76  %  copper,  then  the  quantity  of  copper  in  a 

ton   of  bell   metal    will    be   ^7^7:  ^  ""i  -   cwt.,  or 

15*2  cwt. 

Conversely,  two  quantities  may  be  given,  and 
it  is  required  to  find  what  percentage  one  is 
of  the  other.  From  1,500  tons  of  iron  ore,  600 
tons  of  metal  are  obtained  after  smelting. 
What  percentage  is  this  ?  The  fraction  of  ore 
obtained  is  yVtht  ~  A  =  f  •  Take  that  f I'action 
of  100;  I  X  1^^  =  40  7^  of  iron.  Again,  in  a 
boiler  test,  the  analysis  of  a  half  hundredweight 
of  cinders  showed  the  presence  of  23  lb.  of 
unconsumed  carbon.  What  percentage  is  this  ? 
The  fraction  of  unconsumed  carbon  is  f^.  This 
fraction  of  100  is  f|  x  ^^  which,  after  cancel- 
ling, &c.,  gives  approximately  41  */^. 

Certain  percentages  frequently  occur,  and  it 
is  advisable  to  commit  their  equivalent  vulgar 
fractions  to  memory  : — 


2  J  per  cc 

int. 

_  1 

33J 

per 

cent.  =  ^, 

5^         „ 

_    1 

50 

_  1 

10 

__    1 
—  TIF- 

664 

_  2 

20 

_  1 

75 

25 

_  1 
-  i- 

Percussion,  Centre  ol—^ee  Centre  of 
Percussion. 

Perforated  Pulleys.— Pulleys  having  their 
rims  pierced  with  holes  to  permit  the  escape  of 
air  from  between  the  belt  and  rim.  The  same 
effect  is  secui-ed  by  the  pneumatic  pulleys  of 
the  American  Wood  Working  ^lachinery  Co. 
A  number  of  spiral  crossing  grooves  are  cut 
round  the  rim.  They  occur  on  the  smaller 
driving,  and  feed  pulleys. 
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Perforated  Ss^w. — Some  circular,  and  large 
cross-cut  saws  have  holes  at  the  roots  of  the 
teeth.  The  object  is  to  lessen  the  work  of 
gulleting,  the  holes  locating  and  forming  the 
future  gullets. 

Periodic  Law.— *See  Chemistry. 

Permanent  Set. — The  degree  of  deflection 
of  a  bar,  or  member,  or  structure  which  remains 
after  the  load  has  been  removed.  Its  amount 
is  strictly  determined  in  specifications. 

Permanent  Way. —The  Ails,  sleepers,  and 
ballast  of  the  tram  lines  of  railways.  It  had 
its  origin  in  the  collieries  of  the  North  of 
England  for  conveying  coal  from  the  pit's 
mouth.  Rails  of  wood  were  first  used.  As 
these  wore  rapidly,  the  next  advance  consisted 
in  nailing  plates  of  wrought  iron  upon  their 
upper  surfaces,  by  which  their  durability  was  in- 
creased, and  the  amount  of  friction  diminished. 
But  this  device  was  in  limited  use  only,  and 
does  not  appear  to  have  exercised  much  influence 
on  the  growth  of  the  permanent  way.  The 
first  innovation  of  much  real  importance  was 
the  introduction  of  rails  of  cast  iron,  which 
appear  to  have  been  made  at  Coalbrook  Dale 
in  Shropshire.  The  books  of  the  Company 
have  a  record  of  6  tons  of  such  rails  being  cast 
in  November  1767,  at  the  suggestion  of  Mr 
Reynolds,  one  of  the  partners.  Rails  in  this 
material  continued  in  use  for  about  half  a 
century.  Early  in  the  nineteenth  century,  rails 
of  wrought-iron  bar  of  rectangular  section  were 
introduced,  and  were  employed  to  a  limited 
extent.  Various  forms  of  both  cast  and  wrought 
iron  rails  were  devised  from  time  to  time.  The 
first  malleable  iron  rails  used  on  the  Stockton 
and  Darlington  Railway  weighed  only  28  lb.  per 
yard.  But  the  first  really  successful  rail  was 
the  fish  bellied  form  of  Mr  Birkinshaw,  of  the 
Bedlington  Iron  Works,  patented  in  1820. 
This  type  is  the  parent  of  the  much  modified 
forms  in  use  at  the  present  day.  They  were 
15  ft.  in  length,  with  bearings  3  ft.  between. 
The  chairs  weighed  28  lb.  per  yard,  and  were 
'1\  in.  wide  on  the  edge,  or  "head."  Their 
chief  peculiarity  was  the  curving  of  the  under 
side,  so  that  while  the  depth  of  the  rail  was 
only  '1\  in.  at  the  chairs,  it  was  3 J  in.  mid- 
way between.  This  was  the  type  of  rail  adopted 
by  Mr  Stephenson  for  all  his  early  lines. 
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One  of  the  most  important  points  wherein 
the  early  rails  differed  from  any  now  in  use  is, 
that  formerly  the  rails  were  flanged,  and  the 
wheels  flat;  now  the  rails  are  flat,  and  the 
wheels  flanged.  The  early  rails,  whether  wrought 
or  cast,  consisted  of  a  flat  portion  upon  which 
the  wheels  ran,  and  a  vertical  rib  against  which 
the  edge  rubbed,  and  by  which  the  wheels  were 
prevented  from  quitting  the  line.  The  evil  of 
this  arrangement  was  seen  in  the  excessive 
friction  developed ;  and  if,  in  order  to  diminish 
the  friction,  the  depth  of  the  vertical  rib  was 
reduced,  the  rail  was  weakened  as  the  square  of 
the  depth  reduced.  The  device  of  making  the 
wheels  with  flanges  was  therefore  a  most  im- 
portant step  in  advance.  Some  of  the  early 
"  plate  rails,"  as  they  were  called,  were  laid  on 
stone  supports,  or  sleepers,  as  being  more  durable 
than  timber,  the  blocks  of  stone  being  bored 
and  plugged  with  wood  to  receive  the  nails 
used  in  holding  down  the  rails.  Some  roads 
laid  on  this  principle  in  1800,  by  a  Mr  Benjamin 
Outram,  an  engineer  of  that  period,  were  called 
"Outram  roads,"  subsequently  shortened  to 
**tram  ro€wl,"  and  "tramway."  The  "edge 
rail"  and  flanged  wheel  were  introduced  in 
1789  by  a  Mr  Jessop,  and  used  on  the 
Loughborough  railway.  Birkinshaw's  rails  were 
rolled,  though  of  the  fish-bellied  form,  that 
is,  elliptical  along  their  lower  edges,  and  the 
ends  were  united  with  half-lap  joints.  Their 
introduction  marked  a  most  vital  advance  in 
previous  practice.  The  elliptical  or  fish-bellied 
rail  held  its  own  for  a  long  time,  but  the 
parallel  rails,  first  having  a  single  head,  and 
then  double  headed,  eventually  superseded  them. 
They  were  easier  to  roll,  and  there  was  not 
found  the  practical  advantage  in  the  use  of 
the  former  that  was  at  first  expected.  Almost 
simultaneously  with  the  introduction  of  rolled 
malleable  iron  rails,  the  method  of  fastening 
by  means  of  wedges  into  their  chairs  began 
to  be  practised,  and  this  also  was  a  most  im- 
portant advance  on  the  methods  previously 
employed,  in  which  pins  were  employed,  both 
to  unite  the  ends  of  the  rails  to  each  other, 
and  to  their  chairs,  or  their  sleepers.  See 
Chairs. 

Modern  Hails. — At  present  the  flanged  or 
Vignoles  rail  is  used  in  the  United  States,  the 


Per 


PRACTICAL   ENGINEERING, 


Per 


bull-headed  in  Great  Britain.  Formerly  the 
buU-headed  rails  were  turned  over  after  the 
upper  side  had  become  worn,  but  that  is  not 
the  present  practice.  The  upper  or  bull-head 
is  now  made  heavier  than  the  lower  member, 
and  the  lower  one  is  made  to  remain  with  the 
top  member,  when  worn,  sufficiently  strong  as 
a  girder  to  sustain  the  rolling  load.  The  reason 
why  the  early  practice  of  turning  over  the 
bull-head  rail  is  not  now  followed  is  that  it 
was  found  that  the  bottom  became  indented  on 
the  chairs,  and  then  when  reversed  these  made 
a  rough  running  road. 

The  first  Bessemer  steel  rail  ever  rolled  was 
made  from  an  ingot  cast  at  Baxted  House,  St 
Pancras,  from  best  Blaenavon  pig,  and  rolled 
at  Dowlais  in  the  autumn  of  1856.  The  first 
steel  rail  was  laid  at  the  Camden  Town  goods' 
station  of  the  London  and  North-Westem 
Railway  in  May  1862.  A  Bessemer  steel  rail 
laid  at  Crewe  station  in  1863  was  turned  in 
1866,  and  removed  in  1875.  It  is  estimated 
that  the  tonnage  run  over  it  amounted  to 
72,000,000  tons,  with  a  loss  to  the  rail  of 
20  lb.  a  yard. 

The  substitution  of  steel  for  iron  rails  was  a 
most  important  change.  The  carrying  on  of 
the  present  traffic  with  iron  rails  would  have 
been  impossible.  Even  at  the  time  of  the 
invention  of  the  Bessemer  process,  the  life  of 
iron  rails  only  averaged  two  years,  and  under 
heavy  traffic  much  less.  Since  then,  the  tonnage 
carried  per  mile  has  more  than  doubled.  The 
principal  main  lines  had  become  relaid  with 
steel  rails  about  1874.  The  use  of  steel  had 
the  effect  of  largely  reducing  the  expense 
of  the  maintenance  and  renewal  of  the  per- 
manent way.  The  average  life  of  a  bull- 
head steel  rail  is  about  24  million  tons  for 
each  y^jf  in.  wear  of  the  rail  head.  If  a  depth 
of  ^  in.  is  aUowed  as  the  limit  for  wear,  this 
would  give  120  million  tons  as  the  average  life 
of  a  steel  rail,  against  17^  million  tons  for  that 
of  an  iron  rail,  or  seven  times  as  much.  The 
wear  of  rails  is  not  fixed  at  a  definite  amount 
for  renewaL  From  15  to  20  years  Ls  the  average 
life  of  a  steel  rail  under  average  traffic.  It 
then  loses  from  15  to  20  per  cent,  of  its  weight, 
and  is  used  again  on  sidings.  A  rail  is  replaced 
when  it  is  worn  about  \  in.  down.     Or,  a  90 


lb.,  or  82  lb.  rail  will  be  allowed  to  wear  to 
70  lb.  before  renewal. 

There  is  no  standard  either  in  dimensions,  or 
details  of  fitting,  or  in  tests  adopted  by  the 
various  companies.  Only  on  broad  lines  do 
these  approximate ;  calculations  of  strains  are 
subordinated  to  observation  and  experience,  so 
that  the  permanent  way,  some  leading  types  of 
which  are  given  in  Fig.  35,  is  wholly  a  product 
of  evolution. 

Weights  of  Rails. — These  range  between  about 
80  lb.  and  100  lb.  per  lineal  yard;  82  to  90  lb. 
being  the  most  frequent  range.  The  usual 
length  is  30  ft.  Steel  is  invariably  used,  but 
it  includes  both  Bessemer,  and  Siemens-Martin. 
Few  companies  accept  basic  metal.  In  testing, 
much  more  reliance  is  placed  on  impact  tests 
than  on  tensile  tests,  or  on  chemical  composi- 
tion. The  tests  are  made  with  the  rails  laid  on 
supports  from  3  ft.  to  3  ft.  6  in.  apart.  The 
falling  weight  is  generally  about  a  ton,  falling 
through  20  ft.  on  the  rail,  more  or  less.  After 
two  blows,  the  permanent  deflection  must  not 
exceed,  say,  from  3 J  in.  to  4  in.,  nor  be  less 
than  from  2  in.,  to  2i  in.  Some  companies 
first  suspend  a  dead  load  from  the  centre  of 
the  rail,  the  load  being  from  18  to  20  tons. 
During  this  time  the  temporary  deflection  must 
not  exceed  f  in.,  and  the  permanent  set  may 
range  from  nil  to  ^  in.  only. 

Supports  aiid  Fastenings. — ^The  flat-bottomed 
rails  are  fastened  direct  to  the  sleepers  with 
bolts  and  spikes.  The  bull-head  rails  are  carried 
in  chairs,  and  are  secured  therein  with  keys  or 
wedges,  and  the  chairs  to  the  sleepers  with 
spikes  and  trenails.  Chairs  weigh  about  46  lb. 
to  50  lb.,  without  much  variation.  An  impor- 
tant detail  is  the  bearing  area  of  the  chair  on 
the  sleeper.  The  bearing  surface  is  usually 
somewhere  between  96  and  112  sq.  in.  Two 
iron  spikes  and  two  wooden  trenails  secure  the 
chairs.  These  are  of  oak,  or  fir,  frequently 
compressed.  The  rails  are  secured  by  keys  of 
oak,  usually  placed  outside.  The  rails  are 
jointed  with  Jish  j/lates.  The  plates  are  usually 
18  in.  long.  They  either  just  fill  the  space 
between  the  top  flange  of  the  rail,  or  they  are 
curved  to  embi-ace  the  bottom  flange,  and  come 
below  it — suspended  joints,  as  in  b,  c,  d. 

Sleepers. — These   are   mostly   of    Baltic    red 
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wood,  but  Memel,  Riga,  Scotch  fir,  and  red  pine  but  two  companies  lay  felt  between,  in  the 
are  used.  Creosoting  is  invariably  practised,  tunnels  to  deaden  noise.  The  ballast  used  varies 
Sleepers  measure  9  ft.  in  length  by  10  in.  wide,      with  locality.    The  lower  strata  consist  of  large 
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Fig.  35.— Permanent  Way. 

A.  Great  Western  Railway.     B,  (ireat  Eastern  Railway.     C.  London,  Brighton,  and  South  Coast  Railway. 
/>.  Cambrian  Railwa}'.     E,  New  York  Central  and  Hudson  River  Railway. 


by  5  in.  deep.    Metal  sleepers,  though  tried,  are  stones   or   slag.      The   top   ballast   consists  of 

not  now  laid  down  on  main  lines.     No  packing  broken   stone,   gravel,  slag,   or   cinders.      The 

is  used  as  a  rule  between  the  chair  and  sleeper,  thickness  of  each  is  from  6  in.  to  9  in. 
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Permajient  Way  Crane.  —  Set  Break- 
down Crane. 

Perpetual  Motion. — A  dear  appreeLittion 
of  the  pnij^iertie.H  t>f  matter,  and  the  manifesta- 
tidns  of  energy  m  the  best  antidote  to  the  falae 
Uieoiies  of  perpetual  motioii  which  ariwe  at 
tntervids.  Tn  many  cases  invent.4>i*s  have 
bdJeTed  in  all  honesty  that  tJiej  bad  siolved 
the  prohlem.  But  too  often  the  claim  \\%^  been 
made  by  rogues  and  charlatans.  A  vast  amount 
of  misplaeed  enei^gy  and  financial  loss  have 
resulted  from  the  search  for  perpetual  motion  ^ 
which  might  have  been  aaved  by  a  Hcientific 
t  mining* 

Perspective, -- A  drawing  of  an  object 
shows  either  it«  actual  nr  its  apparent  size  and 
shape.  The  actual  si^se  and  shape  are  shown  by 
cirtlM3gfa.phio  projection,  and  require  two  views, 
one  from  above  (the  plan)  and  the  other  fi-om 
tJie  front  or  side  (front  or  side  elevation). 
Engineers*  working  drawings  are  examples  of 
orthographic  projection.  They  show^  the  actual 
simpe,  aa<i  the  tscate  Indicates  the  size  of 
machines,  ^c.  But  the  apparent  shape  of  an 
object  is  frequently  veiy  diflerent  from  the 
actual  shape,  and  linear  perspective  deals  with 
the  niles  underlying  the  representation  of  the 
apparent  form  and  size  of  objects.  These  rules 
are  governed  by  the  fact  that  the  rays  of  light 
or  straight  hnea  from  every  point  in  the  object 
to  the  eye  converge  to  a  point  within  the  eye. 
In  plan^  and  elevations  such  rays  ctintinue 
paralkl  and  perpendicular  to  the  plaue  of 
projection. 

The  main  principle  in  linear  perspective  is 
that  objects  apparently  diminish  in  size  a^  they 
reoefXe  from  the  spectator-  This  is  a  matter  of 
everyday  obaen^ance  in  the  case  of  a  i^ow  uf 
tekig^aph  pole.s  or  a  block  of  house-s.  Tram 
And  railway  lines,  though  we  know  they  are 
paimilel^  seem  to  approaeli  one  anuthet'  closer 
and  closer  till  in  the  distance  they  meet  at  a 
p>inU  A  fundamental  rule  therefore  is,  that 
lines  and  edges  actually  jiaiallel^  ^nd  which 
receile  from  the  spectator,  mu^t  be  dmwn  so  as 
ttJ  converge  to  some  point.  This  point  is 
situated  somewhere  on  the  eye  level  Wwit-,  that  is, 

line  on  a  level  with  the  eye  at  such  a  height 
from  the  ground  line  that  a  sheet  of  paper  held 
hori2on  tally  before  the  eye  appears  as  a  Une. 


Many  important  laws  of  perspective  may  be 
learned  from  a  study  of  the  photograph  of  the 
Hardening  Shop,  Plate  VIII.,  Vol.  V.  A 
photographic  lens  may  be  considered  as  the  eye 
of  a  spectator.  At  the  further  end  of  the 
shop  against  the  whit-e  wall  is  a'  door,  and 
above  this  a  dark  spot  Tlie  spectat4jr^s  eye, 
or  the  lens,  was  on  a  level  with,  and  opposite, 
this  point  Such  a  point  is  called  the  centre 
of  vision,  and  a  horizontal  line  drawn  through 
the  centre  of  vision  gives  the  horizon  line,  to 
which  receding  parallel  lines  converge.  Lay  a 
ruler  along  the  edges  of  the  bench  and  along 
the  row  of  furnaces,  and  it  will  be  noticed  that 
these  etiges  converge  to  the  centre  of  vision. 
Being  below  the  eye  level  these  lines  converge 
upw^aids.  In  the  same  way  follow  the  lines  of 
the  central  roof  girder,  the  horizontal  flue 
connecting  the  chimneys,  and  the  upper  line  of 
the  brick  wall  on  the  left.  All  these  converge 
to  the  centre  of  vision,  but  being  above  the  eye 
they  slope  downwards.  Note  tcM>  the  diminu- 
tion in  size  of  the  furnace  chimneys  and  the  roof 
columns  as  they  recede.  The  lines  of  the  hori- 
zontal beams  below  the  roi>f  converge  neither 
to  the  left  nor  to  the  right,  because  though 
parallel  they  do  not  recede  from  the  position  of 
the  spectator.  Had  the  spectat^>r  been  on  the 
extreme  left  or  right  aide  of  the  shop  instead 
of  nearly  in  the  centre,  the  lines  of  these 
beams  would  have  converged.  Neither  do  the 
cylindrical  columns  on  the  other  side  of  the 
benches  converge  upwards  or  downwards,  for 
vertical  parallel  lines  in  ari  object  are  always 
drawn  vert  legally  with  no  convergence. 

Pet  Cocks- — The  small  cocks  on  steam 
boilers  attached  to  the  gauge  glasses,  and 
through  which  water  or  st-eam  are  blown  off. 

Petrol  Rngine. — A  t^^^e  of  internal  com- 
bustion engine  in  which  the  fuel  is  the  vapour 
of  "petrol^*  (41-86  C^Hi^  +  648  C^Hj^^C^Hij) 
diluted  with  air  to  form  a  combustible  mixture. 
In  general  principles  and  design  the  petrol  motor 
sti^ongly  iTsembleJS  a  gas  engine^  hut  in  details 
several  moditications  exist.  There  are  two 
principal  types  of  these  motors,  the  two-stroke 
cycle^  and  four-stroke  cycle.  Tn  the  first  of 
these  tlie  mixture  of  air  and  petrol  vap^iur  is 
first  drawn  intf*  the  crank  chamber  of  the 
engine,  or  into  a  separate  pump  cylinder.     Here 
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the  mixture  is  slightly  compressed  (to  about 
5  lb.  per  square  inch),  and  when  the  piston  is 
about  at  the  end  of  its  outward  atroke  the 
mixture  passes  into  the  cylinder  above  the 
piston.  Usually  the  mixture  is  odmitt-ed  to 
the  cylinder  through  ports  in  the  cylinder  wall 
which  are  uncovered  by  the  piston  at^  or  near* 
the  termination  of  its  out-stroke.  On  the  return 
of  the  piston  the  mixture  is  compressed,  and 
at  the  proper  moment  is  ignited,  generally  by 
means  of  an  electric  spark*  During  this  in- 
strake  of  the  piston  a  new  charge  of  air  and 
vapour  is  being  drawn  into  the  crank  chamber, 
or  equivalent  device.  On  the  ignition  of  the 
charge  in  the  cylinder  the  gases  expand,  driv- 
ing tlie  piston  outwards,  this  constituting  the 
power-stroke*  Before  reaching  the  end  of  the 
outward  or  power-atroke  the  piston  uncovers 
openings  or  porta  in  the  cylinder  walls,  thus 
permitting  the  products  of  combustion  to 
escape.  The  inlet  ports  for  the  mixture  ai'e 
uncovered  by  the  remaining  travel  of  the 
piston  immediately  after  the  exhaust  ports  are 
fully  uncovered.  A  fresh  charge  then  enters 
the  cylinder,  and  the  cycle  of  operations  con- 
tinues as  before.  Hence  it  will  be  seen  that 
thei"e  is  a  power-stroke  or  impulse  once  in 
every  revolution  of  the  cmnkshaft,  i.e.^  at  each 
outstroke  of  the  piston* 

The  four-stroke  cycle  differs  from  the  above, 
and  is  more  economical  in  fuel  consumption. 
In  tliis  type  of  engine  the  mixture  is  drawn 
directly  into  the  cylinder  by  the  first  out-stroke 
of  the  piston.  THe  first  in-stroke  com  presses 
the  charge,  which  is  then  ignited,  causing  the 
impulse  or  power-stroke.  The  products  of  com- 
bustion are  expelled  during  the  second  in-.^troke 
of  the  piston,  and  the  cycle  recommences.  Thus 
there  is  a  power-stroke  on  each  alternate  out- 
stroke,  or  once  for  two  revolutions  of  the  crank- 
shaft 

Comparing  the  two  systems,  the  two-stroke 
cycle  has  the  advantage  of  making  the  engine 
very  simple  by  reason  of  there  being  no  neces- 
sity for  vah'es  with  their  attendant  cams  and 
mechanism.  Also  the  turning  effort  on  the 
crankshaft  is  more  even.  But  the  fuel  con- 
sumption \A  high  for  the  power  developed. 
The  four^stroke  C3'cle  engine  is  more  expensive 
to  construct^  requiring  an  inlet  and  exhaust 
3R 


valve,  cams  and  rods  for  operating  them,  and 
gearing  to  reduce  the  speed  of  the  cam  shaft 
to  half  that  of  the  ci^nkshaft*  The  turning 
moment  is  necessarily  not  so  constant  as  in  the 
two-stroke  cycle^  hence  a  Iiea%*ier  flywheel  is 
required.  However,  owing  to  the  higher  com- 
pression possible  and  absence  of  leakage,  the 
four-stroke  cycle  pennita  a  fuel  economy  far 
exceeding  that  of  the  other  type. 

The  invention  of  the  four-stroke  cycle  is  due  to 
a  celebrated  French  engineer.  Beau  de  Kochas, 
who  patented  the  system  in  1862.  The  con- 
ditions upon  which  the  success  of  the  engine 
depended  were  fonnulated  by  the  inventor  in 
his  patent  as  : — (1)  maximum  cylinder  capacity 
with  a  minimum  of  circumferential  surface ; 
(2)  high  piston  speed ;  (3)  greatest  possible 
compressit)n  before  ignition ;  (4)  maximum 
pressure  at  the  commencement  of  the  power - 
stroke.  The  second  of  these  is  limited  in 
practice,  and  the  thii-d  is  governed  by  the  fuel 
used.  In  the  case  of  petrol  engines  the  com- 
pression  pressure  cannot  be  made  greater  than 
about  95  lb.  per  sq.  in.  absolute ^  witliout  pre- 
ignition  of  the  charge  by  the  heat  generated  b}" 
compressing  the  mixture.  The  first  condition  l» 
fulfilled  most  nearly  in  those  motors  in  which 
the  valves  open  directly  into  the  combustion 
chamber.  Engines  which  have  the  inlet  and 
exliaust  valves  on  opposite  sides  of  the  cylinder, 
each  in  a  separate  pockety  offer  a  maximum 
of  circumferential  surface,  and  the  design  is 
not  to  be  commended.  The  heat  generated  by 
the  combustion  of  the  charge  is  great :  the 
maximum  temperature  has  not  yet  been  accur- 
ately determined,  but  it  in  probably  in  the 
neighbourhood  of  1,800*  Fahr,  It  is  therefore 
necessary  to  adopt  some  means  whereby  the 
temperature  of  the  cylinder  walls  can  be  kept 
low  enough  to  permit  of  lubricating  the  pist-on. 
Watei"  jacketing  is  used  for  this,  except  for 
very  small  motors,  for  which  air  cooling  suffices 
with  more  or  less  efficiency.  It  should  be 
distinctly  understood  that  so  far  as  possible 
the  cooling  effect  should  be  confined  to  tiie 
cylinder  walls,  and  not  the  gases  containcil 
therein.  The  higher  the  temperature  of  the 
gasei!  the  greater  tlie  efficiency  of  the  motor, 
The  power  developed  by  a  petrol  engine,  or 
any  internal  combustion   motor  on   the  same 
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prtudplee^  Is  praporttonal    to   the  ehaxige   m  At  the  present  time  a  careful  investigation 

tampefntiire  of  the  gases  forming  the  workinj^     of  a  large  number  of  motors,  of  many  difierent 
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Ftg.  3I>. — Thomyoroft  Petrol  Engine.     (Elevation  aod  Pkm,) 

fluid  or  faeL  Therefore  the  greater  the  range  makes,  discloses  a  ti umber  of  curious  di»- 
of  temperature  per  cycle,  the  more  the  power  crepanciea.  Piston  speeds  are  veiy  variable, 
for  a  giTen  quantity  of  fueJ*  and  the  speed  of  the  gases  entering  and  leaving 
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the  cyliiiier  differs  between  wide  limite.  Not 
only  is  this  so  for  different  makes  of  engines, 
but  motors  by  the  saiue  makers  and  i^me  design 
but  of  different  powers  are  equally  faulty* 
There  does  not  Ap|>erir  to  be  any  uniformity, 
or  any  approach  thereto,  in  the  ideas  of 
designers  on  the  subject  of  such  fundamental 
principles  as  piston  speed,  speed  of  fuel  passing 
into  cylinder,  speed  of  exhaust  gases,  and  allow- 
able temperature  of  cylinder  walls.     That  thei-e 


Fig.  37.— Petrol  Ikigine.     (End  Elevation. > 

is  a  best  possible  value  for  each  of  these  points 
is  certain,  and  their  atloption  is  advisi^ible. 

Future  development  of  fietrol  engines  would 
appear  to  lie  along  the  lines  of  a  perfected  two- 
stroke  cycle  condiine<l  with  coohng  k\i  the  charge 
aft-er  compression  and  befv>re  ij^'nition,  tlms  in- 
creasing the  range  of  temperature  and  improving 
the  turning  momentt  resulting  in  greater  fuel 
economy i  and  a  suialler  engine  for  a  given  power. 

Figs,  36  and  37  illustrate  a  marine  petrol 
engine  by  Messrs  John  I,  Thornycix>ft  tt  Co,, 
Ltd,  The  engines  are  mounted  on  the  crank 
casing  A,  which  is  made  *>f  aluminium  when 
le^aseiitng  of  weight  is  a  consideration^  but  gene- 
40 


rally  of  cast  iron.  It  is  enclosed  to  hold  the 
lubricant,  and  is  fitted  with  doors.  The  cylinders 
B  are  fitted  with  spigots  into  bored  holes  on  the 
top  of  the  chamber,  and  are  bolted  to  its  bop 
face.  The  cylinders  are  surrounded  with  water- 
cooling  jackets  a.  Tlie  pistons  c  are  of  trunk 
form^  solid,  and  fitted  with  liamabottom  rings- 
The  connecting  rods  D,  which  are  steel  stampings, 
are  bushed  at  both  ends.  The  crankshaft  e  is 
of  solid  steel.  The  carburetter  is  not  shown  in 
the  drawings,  but  it  is  seen  in  the  photograph 
of  another  engine  in  5^*  ^^>  Plate  IT.  It 
receives  the  air  iolet,  and  fixim  it  the  supply 
pipes  go  to  the  cylinders.  The  air  Ijeing  drawn 
into  the  carburetter  by  the  motor,  rushes  by  a 
nozzle  from  which  petrol  is  drawn  in  a  fine 
spray  I  ancl  Iw^ing  volatilised,  goes  through  the 
thmttle  valve  F  to  the  inlet  pipe  o,  to  the 
cylinder.  Its  volume  is  controlled  by  the  inlet 
valve  H.  Tlie  valve  rods  are  seen  at  J,  actuated 
from  the  cam  shaft  K,  which  operates  the 
tappet  shafts  L,  through  rollers  in  contact  with 
the  cam  shaft.  The  latter  is  actuated  from 
the  shaft  M,  through  the  half  -  speed  gears 
K,  o,  o,  the  valves  being  thereby  opened  and 
closed  once  during  two  revolutions  of  the  crank- 
shaft. The  springs  h  opposed  to  the  lift  of  the 
cams  close  the  valves  sharply  when  the  eccentric 
part  of  the  cams  has  passed.  The  exhaust 
valves  are  on  the  opposite  side  of  the  cylinders, 
and  are  similarly  operated  with  a  cam  shaft,  ifec., 
as  seen  in  Fig.  37,  The  governor  is  seen  at  Q 
actuated  tli rough  bevel  gears  from  one  of  the 
half -speed  shafts  whence  the  throttle  valve  is 
contixiUed. 

Firiftg. — -In  this  engine  a  low-tension  magneto 
system  is  employed.  The  lower  ends  of  the 
permanent  magnets  carry  two  pole  *  pieces, 
wnthin  which  thei-e  is  a  fixed  armature  wound 
with  insulated  copper  wire,  with  a  rotating  soft 
iron  sleeve  between.  The  sk^eve  has  two  slota 
cut  in  it  in  opposite  sides,  with  the  result  that 
the  lines  of  force  which  cut  the  coils  of  the 
anjiature  vary  from  maximum  to  nothing,  and 
vice  vertta  tw^iee  during  a  revolutionj  producing 
four  sparks  per  revolution.  At  c  the  sparking 
plugs  are  seen  screwed  into  the  cylinders ;  (f,  d 
are  the  tappet  ixxls  actuated  by  cams  on  the 
half  -  speed  shaft :  they  work  the  mechanical 
make    and    break    inside    the    cyUnders.      A 
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Fig.  40.— Daimler  Engine.    (Plan.) 
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eontact  breaker  L^  located  adjacent  to  eacli 
plug.  The  starting  handle  ia  seen  at  r,  the 
shaft  of  which  is  connected  with  the  crankshaft 
by  pitch  chain  at  s,  the  wheels  being  shown  at 
T,  u.  A  free  wheel  dutch  is  shown  in  section 
at   V,     A  pair  of  ratchets  within  the  easing 


Fig.  4h — ^Dtilniler  Engine;.    (Tran»vent&  Beotional  Elevation.) 


surround  the  clutch  which  is  on  the  cranki^haft* 
The  chain  wheel  u  is  attached  to  the  ratchet 
wheel,  which  *lct^s  only  in  one  direction.  On 
starting,  the  turning  of  the  chain  wheel  u  turns 
the  crankshaft  through  the  ratchet  and  pawls. 
^VTien  the  engine  fires,  the  speed  of  the  crank- 
shaft outruns  that  of  the  chain  wheel,  and  the 
i2 


centdfugal  effect  causes  the  pawls  to  tiy  out  of 
contact  with  the  ratchet  wheel,  and  the  engine 
run^  independently. 

Figs.  39  to  41  show  one  of  the  motors  by  the 
Daimler  Motor  Co,,  Ltd,,  and  Fig.  42,  Plate 
y.,  a  photograph  of  the  same.  The  cylinders  a 
are  cast  in  pairs  with  water  jackets,  and  bolted 
on  the  enclosed  crank  chamber  b,  of  aluminiun>. 
The  pistons  c,  of  trunk  form f have  Ramsbott^Jin 
rings.  The  connecting  rods  i>  are  of  H  section. 
E  is  the  crankshaft.  The  vaporiser  is  shown  at 
F,  whence  the  petrol  vapour  passes  through  the 
pipe  G  to  the  cylinders,  thence  exiiauating 
through  the  pipes  h.  The  inlet  and  exhaust 
vah'es,  j  and  K  respe*:tively,  are  on  one  side  of 
the  cylinder,  and  are  alike 
in  shape  and  dimensions, 
to  be  interchangeable. 
They  are  operated  by  the 
cam  shaft  L  driven  by  the 
half- speed  wheels  at,  K^  the 
cams  th trusting  against  the 
rollers  a,  the  pressure  of  the 
springs  o  closing  the  valves 
when  the  cam  has  passeil 

p  is  the  lay  shaft  driven 
from  wheel  M,  and  driving 
the  magneto  g,  and  the 
geared  pump  R.  This 
magneto  supplies  current 
to  the  sparking  plugs,  as 
an  alternative  to  the  high- 
tension  circuit,  Fig,  43, 
This  view  illustrates  the 
plan  of  wiring;  and  the 
distributor  case  s  in  the 
previous  figures^  but  with 
the  cover  removed  to  show 
the  distributor  block  a  in 
Fig.  43.  This  block  mtates 
within  the  bushes  b,  so 
making  and  breaking  the 
primary  current.  The  block 
A  is  so  designed  that  the  distribution  of  the 
secondary  or  high-tension  current  to  the  in- 
sulated plugs  c,  and  thence  to  the  sparking  plugs 
D,  synchronisejj  w^th  the  opening  and  closing  of 
the  primary  circuit.  The  distnbutor  case  s.  Figs. 
39  to  41,  can  be  rotated  on  its  axis,  in  order  to 
quicken  or  retard  the  timing  of  the  spark.     The 
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Fig.  42.  -Pmtocit*  Knouxk,    <Tb«  Daimkr  UoUn-  Co.,  LuL)  Fi^.  4:. 
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Fig.  46t— Electhic  CorrES,  Swu^ii 


Fig,  4T»-^oNTii!ruors  Eusctric  Oopiek, 
(J.  HaMeo&CD.) 
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dktributor  block  A  is  keyed  to  a  vertical  shaft 
Tj  Fig.  39,  which  is  driven  by  mean.%  of  bevel 
gears  v  from  the  end  of  the  cam  shaft,  h^  h^  h 
are  the  sparking  plug  terminals, 

Pnrnffin, — Thit?  is  used  successfully  in  some 
types  of  petrol  motors ;  Messrs  Thornycroft 
amnge  their  pett'ol  en^^ines  when  desired  with 
ft  vaporiser,  so  that  the  carburetter  can  1)6  dk- 
Gonnected  by  ft  change-over  valve,  and  paraffin 
be  used,  subsequent  to  starting  with  petroL  Or, 
ibe  engine  may  be  started  entirely  on  paraffin, 
by  heating  the  inside  of  the  vaporiser  with  a 
blow -lamp. 

Patrol etim^ — This  term  is  applied  to  a  great 
variety  of  iiiliammabie  liquids  with  carbon  and 
hydrogeii  as  essential  constituents.  Mendeleef 
arid  Berthelot  considered  petroleum  of  inorganic 


Fig,  43,— Distribution  Box, 

^xrigiii,  the  opimon  of  the  former  scientist  being 
that  it  was  produced  by  the  action  of  water  on 
carbide  of  iron  in  the  earth's  interior ^  while 
Berthelot  suggested  that  it  was  fonned  by  the 
action  of  water  impregnated  with  carbonic  acid 
gii8  oD  free  alkali  metals  in  the  interior  of  the 
eftrtb.  The  weight  of  authority,  howevei', 
would  rather  indicate  that  it  is  of  organic 
Offigin,  ba^'ing  been  pi*oduced  by  the  slow  de- 
aowpoeition  of  animal  and  vegetable  matter 
under  great  pressure. 

Petroleuni  occurs  in  practically  all  geological 
atmta,  commercial  supplies  being  drawn  from 
the  coarse  sandstones  and  crystalline  limestones 
who^  pores  contain  the  oil  imprisoned  by 
overlying  beds  of  impervious  clay  or  other 
miDeraL  Nearly  half  of  tiie  world's  supply 
of  petrtileum  comes  from  the  United  States, 
With  the  exception  of  some  of  the  Atlantic 
Stateii  and  those  west  of  the  Great  Tjakes  it 
oocnrs  in  all  parts  of  the  Union,  but  varying 
of  ccmrse  in  quality  and  quantity.  The  most 
prod  uetive  are  the  Appal  ach ian  aU  tield  s>     Ma  ny 


of  the  Canadian  provinces  are  rich  in  oil  bear- 
ing strata^  and  only  await  development.  Nearly 
40  per  cent*  of  the  world^s  production  comes  from 
the  famous  oil  wells  of  Baku  in  Russia,  The 
amaring  outflows  from  this  district  have  been 
known  and  utilised  from  the  earliest  times^  The 
remaining  supplies  are  drawn  fixmi  the  Dutch 
East  Indies,  Austria,  Tlouniania,  South  America^ 
Gennany,  Italy,  Japan,  Ai^gam,  and  Burma. 

Illuminating  and  lubricating  oils  similar  in 
composition  to  those  obt4iined  from  crude  petro- 
leum are  also  obtained  by  the  destructive  distil- 
lation  of  bituminous  shales  found  in  Scotland, 
France,  New  South  Wales,  New  Zealand,  A:c, 

The  primitive  method  of  obtaining  oil  by 
siiikmg  a  shallow  well,  as  for  water,  lias  only 
been  superseded  during  the  last  fifty  or  sixty 
years  by  the  use  of  percussion  or  rotary  drills 
actuated  by  steam  power.  The  usual  process 
consists  in  digging  a  shaft  some  12  or  14  ft, 
deep,  and  8  to  10  ft.  square,  a  pipe  armed  with  a 
steel  shoe  then  being  used  to  pierce  the  varying 
strata  as  far  as  the  nature  of  the  rock  permits. 
Wlien  hard  rock  is  reached  the  drill  is  brtmght 
into  operation.  Water  is  introduced  into  the 
well,  and  mixing  with  the  finely  broken  rock  is 
■withdmwn  from  the  borehole  by  a  sand  pump. 

The  depth  to  which  boring  is  carried  varies 
from  300  ft.  to  3,000  ft.,  though  the  latter  %ure 
has  been  considerably  exceeded  in  certain  cases. 
It  is,  of  course,  frequently  nece^ssary  to  support 
the  walls  by  means  of  an  iron  casing. 

As  the  petroleum  is  generally  held  under  pres- 
sure, a  natural  flow  of  oil  commences  in  most  cases 
when  a  well  is  completeiL  When  the  pressure 
becomes  subsequentlv  relieved  recourse  is  had  to 
pumping,  as  in  the  majority  of  oil  wells  in  the 
States,  Sometimes  the  pressure  is  so  great  that 
a  fountain  or  '*  spouter,"  as  it  is  called,  bursts 
forth  to  a  height  of  two  or  three  hundred  feet. 
As  it  falls  it  is  accumulated  in  piTjmi'ed  reser- 
voirs.  Being  dependent  on  the  pressure,  the 
duration  of  a  spouter  obviously  varie-s  from  a 
few  days  to  a  twelvemonth  or  even  more* 
EnoiTuous  quantities  of  sand  are  ejected  with 
the  oil,  frequently  giving  rise  to  consitlerable 
tix>uble.  From  the  i-eservoii-s  the  oil  is  trans- 
ported to  centres  hundreds  of  miles  dist-ant  by 
pipe  lines.  In  the  U.S*A*  the  total  length  of 
iron  and  steel  oil  tubes  probably  exceeds  30,00Ck 
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miles.  The  trunk  lines,  which  are  capable  of 
sustaining  a  pressure  of  2^000  lb.  per  square 
inch,  are  18  ft.  long,  with  a  diameter  of  6  or  8 
inches.  The  oil  is  pumped  through  the  system, 
traveUing  at  about  3  miles  an  hour.  The  crude 
oil  is  stored  in  huge  cylindrical  tanks  at  the 
ehief  centres,  as  New  York,  Philadelphia, 
ChicnagOj  Baltimore,  Buffalo^  i&c. 

Varying  with  the  locality  there  is  a  ^'eat 
difference  in  crude  petroleum.  It  may  be 
almost  colourless  or  nearly  black,  mobile  or 
viscous,  without  odour  or  disagreeably  odorous, 
Specific  gravity  varies  between  '77  and  '10* 
From  the  chemical  aspect  crude  peti-oleum  is  a 
combination  of  carbon  (79*5  per  cent,  to  88'7 
per  cent.)^  and  hydrogen  {96  per  cent,  to  14*8 
per  cent.)j  with  minute  quantities  of  nitrogen, 
o5fygen,  and  sometimes  sulphur.  According  to 
the  way,  in  which  tli©  atoms  of  carbon  and 
hydrogen  are  grouped,  the  hydrocarbon  com- 
pounds of  petroleum  are  classified  as  paraffins 
and  naphthenes.  The  paraffins  are  represented 
by  the  formula  C^H.^^  +  ^j  9t  representing  the 
number  of  atoms  in  the  formula  ;  the  naph- 
thenes or  olefine.s  contain  two  atoms  less 
hydrogen,  and  are  represented  by  the  formula 
C^^H^ii.  It  will  thus  be  seen  that  an  extensive 
aeries  of  hydrocarbons  can  be  obtained  from 
petroleum,  and  since  tho  b<nling  point  is  lowest 
for  those  hydrocarbons  with  a  lower  proportion 
of  carbon,  and  rises  with  an  increased  propor- 
tion of  carbon,  the  crude  oil  may  be  separated 
into  a  series  of  products  by  distillation.  The 
oil  is  heated  in  a  horizontal  cylinder^  and  the 
vapour  passes  into  a  condensing  pipe  or  worm, 
surri3unded  with  cold  water. 

The  first  portion  to  distil  over  is  benzine 
(not  to  be  confounded  with  benzene),  naphtha, 
or  petroleum  spirit.  Gtisolene  and  petrol j  used 
in  the  internal  combustion  engines  of  motor 
cars,  distil  over  at  this  stage,  and  are  obtained 
by  the  redistillation  of  benzine.  As  the  tern- 
perature  rises,  kerosene,  used  for  illuminating 
purptKses,  passes  t>vei*^  atjd  l>oth  this  and  benzine 
are  purified  by  agitation  with  sulphuric  acid. 
When  the  specific  gravity  of  the  crude  oil  lies 
between  '77  and  "Bj  the , proportion  of  keivisene 
will  exceed  that  of  other  oils ;  when  specific 
gmvity  lie^  above  ^9,  lubricating  oils  ai*e  in 
e3Ece»B.  Following  kerosene  come  the  lubricate 
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ing  oils,  and  the  heavy  residuum  is  utilise<:l  in 
the  preparation  of  paraffin  wax  and  vaseline. 
If  lighter  oils  are  minced  with  kerosene  the 
flash  point  is  lowered.  This  is  the  point  at 
which  it  will  give  off  inflammable  vapours,  and 
is  thus  a  matter  of  considerable  importance 
in  lamp  oils.  By  the  Petroleum  Act  of  1871 
the  minimum  legal  flash  point  was  100"  Fahr. 
But  the  methcKl  of  testing  the  oil  (in  an  open 
cup)  was  proved  to  be  fallacious,  and  Sir 
Frederick  Abel  suggested  an  improved  methorl 
of  testing  in  a  clased  cup,  and  this  method  was 
subsequently  adopted.  Oils  whose  flash  point 
was  100"  Fahn  by  the  "open"  teat  wei*e  thus 
shown  to  ila.sh  at  73'  Fahn  by  the  "close"  test. 

In  addition  to  illumination  and  lubrication, 
the  uses  to  which  the  products  of  petroleum  are 
put  may  justly  be  termed  multitudinous,  and 
can  only  be  barely  enumerated  here.  Gasolene, 
specific  gravity  642  to  -648^  is  used  in  mternal 
combustion  motors,  and  on  redistillation  sepa- 
rates into  cymogene  and  rhigolene,  which  are 
used  in  freezing  machines,  and  in  surgery  as  anaes- 
thetics. Petroleum  spirit,  with  a  slightly  higher 
specific  gi'avity,  "68  or  higher,  is  used  for  the 
propulsion  of  motor  vehicles,  launches,  and 
submarines;  benzolene,  specific  gravity  '70,  is 
used  for  dry  cleaning.  Petroleum  also  enters 
into  the  manufacture  of  carburetted  water  gas^ 
serves  as  fuel  for  steam  raising  in  stationary 
and  locomotive  engines,  and  is  employed  in 
internal  combustion  engijies  in  such  type,s  as 
the  Diesel,  Hornsby-Akroyd,  Tangye,  and 
Friestman  engines.  Petroleum  is  also  used 
for  the  preservation  of  roads,  for  soap  manu- 
facture, as  an  insecticide,  in  the  prepamtion  of 
varnish  and  paint,  and  forms  5  per  oent.  of  the 
composition  of  cordite. 

Phoenix  Column.— A  column  of  cii-cular 
section  bnilt  up  of  four,  six,  or  eight  rolled 
segments,  riveted  through  flanges. 

Phosphor  Bronze> — Bronze  with  a  alight 
admixture  of  phosphorus.  It  can  be  cast^  rolled, 
and  drawn  into  wire.  It  is  valuable  for  bear- 
ings and  pump  rods.  Proportions  are : — 
Copper,  89*5  per  cent, ;  tin,  10  per  cent* ; 
phosphorus  from  O'l  to  0*5  per  cent  The 
ultimate  strength  ranges  from  15  to  22  tons. 

Phosphorus.— P.  31;  melting  point,  4-1'; 
boiling  point,  290' ;  specific  gravity,  1  "8,    Hav- 
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ing  II  great  alfinity  for  oxygen,  phospbnrus  is 
not  found  free  in  Nature,  but  in  combiiiation 
with  oxygen,  and  with  cAicium  in  bones,  the 
brain«  oem'ous  tlssueaj  and  uHne  It  occutw  in 
two  allotropic  forms^  At  ordinary  tempera- 
tures it  k  a  waxy,  soft,  serai-tmnsparent,  pale 
yellow  solid,  with  a  characteristic  odour.  At 
low  temperatnreB  it  becomes  brittle.  It  pvwtses^s 
tJie  peculiar  property  of  g^iving  off  white  lumin- 
ous fumes  in  the  dark  if  exposed  to  the  air. 
The  warmth  of  the  hand,  friction,  or  a  slight 
blow  eause^  it  to  ignite,  forming  Vfi-^^.  It  is 
tlierefore  stored  in  water* 

Heated  to  about  240*  Cent,  ordinary  phos- 
phorus undergoes  a  remarkable  change.  It 
become  deep  red  in  colour^  with  a  higher 
specific  gravity,  2'1 ;  \^  not  ignited  by  friction, 
or  ftfieeted  by  the  air;  is  insoluble  in  the 
Eolvents  for  ordinary  phosphorus;  and  does 
not  ignite  tiU  heated  to  above  260*  Cent. 

Ordinary  phosphorus  is  a  powerful  poison, 
fttid  thofie  exposed  to  it^  vapour,  as  in  the 
nuuiufacture  of  matches,  are  liable  to  necrosis 
of  the  jaw.  especially  when  siiuffering  from  de- 
cayed teeth.  Red  phosphorus,  however,  is  not 
poisonous,  and  is  used  in  the  composition  at 
the  side  of  match  boxes,  on  which  safety 
matches  are  struck.  Safety  match  heads  con- 
tain no  phosphorus. 

Phosphorus  13  prepai'^  CtMnmercially  by 
heating  the  white  ash  from  calcined  bones 
with  two- thirds  of  ite  weight  of  strtmg  sul- 
phuric acid  : — 

C3ft,2PO,  -H  SHoHO,  =  2H^P0^  -j-  3CaS0,. 
Oaleium  sulphate,  CaSO^,  is  separated  by 
fUtration  through  linen ;  and  the  liquid,  phos- 
phoric acid,  is  mixed  with  charcoal  and  heated 
to  redness  in  earthenware  retorts,  whose  necks 
dip  into  water.  During  this  process  metnphos- 
phoric  acid,  HPO^,  is  formed,  and  on  further 
heating  phosphorus  distils  over,  ctillecting  under 
the  water  in  yellow  dropa  The  stages  are 
abowa  in  the  equations  :— 

'in^VO^  -  %B.p  =  ^HPOg. 
4HP0jj  +  120  -  2H.,  +  12C0  +  P,. 

Phoephonis  is  of  chief  interest  to  the  engineer 
a^  being  one  of  the  constituents  of  bronze  and 
other  aUf>j8*  It  acts  as  a  deoxidiser,  assisting 
in  the  removal  of  gases,  and  making  the  alloy 
harder,  mor@   compact,  and   tenacious*     Phos- 


phorus renders  steel  brittle.  It  should  not 
exceed  *02  jter  cent,  in  steel  for  gun-barrels 
and  dies,  to  '08  in  axles  and  rails,  and  -01  in 
high  carbon  steeL  Steel  for  structural  work 
should  not  contain  a  greater 'percentage  than 
06  of  phosphorus. 

Phasphoric  acid  ^x;curs  in  iron  ores  in  vary- 
ing quantities,  being  greatest  (I'H  per  cent.)  in 
Cleveland  ironstone,  and  Northampton  Umonite 
(1*3  per  cent.),  and  least  ('03  per  cent*)  in 
Swedish  magnetite.  See  Bessemer  Pig, 
Phosphor  Bronze,  Steel* 

Photography—  Workshop.  —  Worksht>p 
phott^graphy  has  now  become  a  specialiserl 
branch  of  the  art,  and  hrms  which  a  few  yeart^ 
ago  occasionally  called  in  the  aid  of  a  Itxjal  photo- 
grapher now  possess  their  own  apparatus,  studio^ 
and  operators.  This  is  not  to  be  wondered  at, 
for  the  difficulties  and  problems  which  beset  the 
technical  photographer  differ  from  thnm  which 
the  ordinary  professional  photographer  meets 
with.  Moreover  the  elaborate  catalogue  iidth 
half-tone  blocks  has  come  to  stay,  and  the  equip- 
ment of  a  factory  studio  is  cheaper  in  the 
long  run. 

The  questions  of  Camera,  and  Lens  have 
been  dealt  with  under  their  respective  titles. 
With  regard  to  plate^^  a  fast  quaUty  is  used 
for  the  majority  of  photographs.  The  best 
plan  is  to  adopt  a  special  rapid  brand  and  stick 
to  it.  Plates  should  invariably  be  "  backed  " 
trO  prevent  what  is  known  as  halation,  a  spread- 
ing of  the  high  lights  beyond  their  boundaries, 
BB  seen  round  the  windows  in  nome  photographs 
of  shop  interiors.  In  machinery,  halation  is 
caused  by  the  brightly  reflected  lights  from 
polished  part^.  Another  ditliculty  arises  from 
the  different  colours  sometimes  present,  the 
yellow  of  brass,  reddish  colour  of  copper,  and 
bluish  tint  of  bright  steel.  In  photographs  the 
colours  at  the  red  end  of  the  spcsctrum  appear 
very  dark,  as  they  have  but  little  actinic  value, 
(Red  or  orange  lights  are  therefore  used  in  the 
dark  nxun.)  A  red  rose  will  appear  almost 
black.  Violet  and  blue  at  the  other  end  appear 
nearly  white.  To  obviate  this,  orthochromatic 
plates  are  used,  with  the  addition  of  a  trans- 
parent yellow  screen  in  fn>nt  or  behind,  or 
between  the  lenses.  A  lemon-yellow  screen 
satisfies  most  requirements,  but  for  copper  work 
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where  reds  predominate  an  orange  screen  is 
necessary.  These  screens  lengthen  the  ex- 
posure, which  again  is  another  factor  to  be  dealt 
with  in  considering  what  depth  of  yellow  to  use. 

As  regards  the  subject  to  be  photographed, 
much  may  be  done  before  the  photograph  is 
taken,  to  ensure  a  good  picture.  The  light, 
position,  and  surroundings  are  frequently  beyond 
the  control  of  the  operator.  Parts  in  deep 
shadow  may  be  relieved  by  reflection  from 
judiciously  placed  sheets  of  bri^t  tin,  news- 
papers, or  white  sheets,  though,  of  course,  these 
must  not  appear  in  the  negative,  except  when 
the  object  is  to  be  "blocked  out."  Bright 
points  may  be  dulled  with  a  little  putty,  while 
many  firms  go  to  the  trouble  of  painting  bright 
steel  work,  as  in  engines,  with  a  flat  dark  grey 
colour — an  operation  well  worth  the  time  in- 
volved. Not  only  does  this  deaden  bright 
parts  and  smooth  over  roughnesses,  but  parts 
in  deep  shadow  are  thereby  made  lighter.  If 
the  subject  is  not  to  be  blocked  out,  a  back- 
ground is  generally  advisable.  Benches,  belts, 
machinery  of  varied  kinds,  doors  and  windows, 
iS:c.,  in  the  background  all  help  to  confuse  the 
outlines  and  details  of  machinery.  If  the  sub- 
ject is  small  a  proper  background  with  uniform 
tint  can  be  used.  Frequently  this  is  impossible, 
and  recourse  must  then  be  had  to  blocking  out 
as  described  below. 

Development  calls  for  little  remark.  A 
photographer  who  keeps  always  to  the  same 
developer  can  do  almost  what  he  wishes  with  it, 
and  knowing  the  special  difficulties  of  the  sub- 
ject on  the  undeveloped  plate  will  mix  his 
solutions  in  the  correct  proportions.  Good  con- 
trast is  needed  to  make  a  good  block,  and  a 
flat  print  is  useless.  But  excessive  contrast  is 
also  undesirable,  and  for  this  reason  single 
solution  hydrokinone  developers  should,  as  a 
i-ule,  be  avoided. 

To  eliminate  the  confusing  effect  of  surround- 
ing machinery  or  an  unsightly  background,  the 
process  known  as  blocking  out  must  be  resorted 
to.  This  consists  in  carefully  working  round 
the  machine,  and  painting  out  the  entire  back- 
ground and  surroundings  so  that  the  subject 
is  entirely  isolated.  This  is  done  on  the  film 
side  of  the  negative,  with  some  opaque  prepara- 
tion, of  which  there  are  several  kinds  sold  for 
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this  purpose.  Indian  ink  is  scarcely  suitable, 
as  it  cracks  on  drying.  The  negative  should 
be  placed  on  a  retouching  desk,  and  with  a 
bevelled  rule  or  straightedge,  and  drawing  pen, 
straight  lines  should  be  ruled  against  all  the 
horizontal  edges  bordering  on  the  background. 
Vertical  edges  are  next  dealt  with,  and  then 
the  drawing  pen  is  discarded  for  a  medium 
sable  pencil  for  working  round  curves.  This 
is  a  delicate  operation,  and  requires  a  steady 
hand.  The  arms  and  rims  of  small  wheels, 
and  the  teeth  of  gear  wheels  are  especially 
difficult.  The  outlines  of  the  machine  being 
now  completed,  the  surrounding  areas  can  be 
covered  with  a  large  brush.  If  the  negative  is 
large  and  the  areas  of  considerable  size,  orange 
paper  may  be  pasted  on  the  glass  side.  Many 
examples  of  blocked-out  subjects  occur  through- 
out these  volumes.  In  Volume  V.  such  photo- 
graphs are  seen  in  Plate  IV.,  Figs.  55  and  57. 

Of  the  multitude  of  printing  processes, 
engineers  use  but  two,  the  print-out  process 
on  gelatino-chloride  paper  (P.O.P.),  and  the 
development  process  on  bromide  paper.  Where 
prints  are  required  for  blockmaking  they  must 
have  plenty  of  contrast — for  the  half-tone 
process  has  a  degrading  effect  on  the  most 
brilliant  of  prints — plenty  of  detail,  rather 
lightly  printed  than  the  reverse,  and  should  be 
larger  than  the  required  block,  to  allow  of 
reduction.  Silver  piihts  (white  P.O.P.)  should 
be  toned  to  a  cold  colour.     Red  tones  are  bad. 

Photo  Prints. — A  photo  print  is  a  copy  of 
a  tracing  produced  by  the  action  of  light  upon 
a  chemically  prepared  surface.  There  are 
several  processes  in  use;  the  most  widely 
adopted  is  that  known  as  the  Ferro-Prussiate, 
whereby  ordinary  blue  prints  are  produced, 
having  a  ground  of  Prussian  blue  with  white 
lines  thereon.  A  similar  process,  but  produc- 
ing blue  lines  on  a  white  ground,  is  used  to 
some  extent,  but  is  rapidly  giving  place  to  the 
black  line  or  Ferro-Gallic  process. 

The  blue  prints  are  cheaper  and  more  readily 
made  than  the  black  line,  but  they  have  the 
disadvantage  of  not  being  colourable;  the 
black  line  on  the  contrary  can  be  coloured 
quite  as  well  as  a  hand-made  drawing. 

The  basis  of  these  processes  is  the  action  of 
light  on  the  salts  of  iron  which  are  present  on 
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the  paper.  The  principal  chemical  change  is 
the  conversion  of  a  ferric  salt  to  a  ferrous  salt 
on  that  portion  of  the  paper  which  is  exposed 
to  the  light.  After  this  has  taken  place  the 
print   is  fixed  by   simply  treating   it  with   a 


Exposure  to  light  is  done  in  a  frame  with 
a  glass  front.  The  tracing  to  be  copied  is  laid 
on  the  glass,  and  the  sensitised  paper  is  placed 
behind  the  tracing  so  that  the  light  passes 
through  the  tracing  to  the  paper.     The  earlier 


Fig.  44. — Halden's  Arc  Lamp  Duplex  Radial  Photo  Copier. 


water  bath.  In  tlie  case  of  the  blue-line  pro- 
cess, development  takes  place  in  a  bath  con- 
taining a  saturated  solution  of  yellow  prussiate 
of  potash,  and  fixing  in  a  weak  solution  of 
hydrochloric  acid,  water  baths  also  being  used. 


frames  were  rectangular  and  of  a  sufficient  size 
to  take  the  largest  sheet  of  paper  in  use ;  the 
tracings  and  paper  were  held  up  to  the  glass  by 
means  of  felt  and  boards  and  springs ;  exposure 
was  made  to  sunlight.     Tliese  frames  are  still 
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in  use,  and  for  occasional  prints  are  quite  con- 
venientj  but  thej  are  totally  inadequate  to 
meet  the  requirements  of  large  works  and 
offices.  PrLnting  in  dull  iveather  is  very  slow^ 
and  the  day's  output  during  the  winter  months 
is  vei*y  small  indeed.  Electricity  is  now  used, 
and  as  a  cojiaeqiieuce  printing  may  be  carried 
on  by  day  or  night  without  regard  to  sunlight 
or  weather. 

The  fi'ame  of  the  electric  copier  generally 
takes  the  form  of  that  shown  \\\  Fig.  44,  and 
in  the  photo,  Fig.  45^  Plate  V.,  and  consists 
of  a  glass  cylinder  mounted  on  a  suitable  frame, 
and  fitted  with  exterior  canvas  sheets,  and  means 
for  tightening  the  same  around  the  cylinder  ; 
in  the  one  illustnited  the  cylinder  is  pivoted 
on  the  frame  so  oj^  to  swing  into  a  horizontal 
position.  Fig.  46j  Plate  T.,  for  convenience 
in  placing  and  removing  prints  {Halden'a 
Patent),  The  tracing  is  laid  nex:t  to  the  glass 
and  the  sensitised  paper  next  to  it,  the  canvas 
sheets  being  then  strained  over  and  fastened. 
Light  is  provided  by  a  su^'ipended  arc  lamp, 
which  can  descend  through  the  cylinder  at  any 
speed  desired  to  suit  the  exposure  of  various 
papers. 

The  size  of  this  type  of  electric  copier  is 
limited,  beca,use  of  the  difficulty  of  obtaining 
large  sheets  of  glass  of  sutficient  strength  and 
transparency.  They  are  made  to  take  the 
largest  sheet  of  paper  ordinarily  in  use,  but 
for  the  great  plans  used  in  shipyards,  d'c,  a 
different  type  of  copier  is  made- 

CmUiniioiis  Copier.— l^y  means  of  the  con- 
tinuous copier.  Fig,  47|  Plate  V,,  a  print  of 
any  length  can  be  produced.  Three  arc  lamps 
are  fixed  in  the  centre  of  the  machine,  and  the 
tracing  and  paper  are  conveyed  fiast  them  by 
means  of  electrically  dri%'en  rollers  ;  the  sensi- 
tised paper  is  fed  from  a  roll  located  on  the 
copier.  Yarious  apparatus  are  used  in  con- 
nection with  the  finishing  and  drying  of  prints, 
such  as  continuous  water  baths,  gas  and  elec- 
tric di-ying  machines,  Jtc^  but  which  do  not 
call  for  any  special  description. 

There  is  one  serious  defect  in  a  photo  print, 
and  one  ivhich  cannot  be  avoided ;  the  water 
bath  and  the  dr3dng  of  the  print  alter  the 
dimensions  of  the  paper,  and  the  print  is  there- 
fore not  true  to  scale.  Another  defect  is 
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that  it  ca,nnot  be  absolutely  guaranteed  per- 
manent ;  unless  the  print  has  been  most  caix?- 
fully  made  it  is  liable  to  fade  when  exposed 
to  light  for  a  eonsiderable  time.  Various 
attempts  have  been  made  to  obviate  these 
disadvantages,  and  there  are  at  present  in  use 
several  secret  processes  which  claim  to  produce 
permanent  copies  true  to  scale. 

So  far  as  is  known  publicly  the  principle 
adopted  is  as  follows  :^ — When  the  ordinary 
blue  print  is  taken  from  the  printing  frame 
it  is  laid  face  downwawl  on  a  sheet  of  prepared 
gelatine  spread  over  a  zinc  plate.  This  gela^ 
tine  contains  a  certain  chemical  which  has  an 
affinity  for  the  ferric  salt  left  on  the  print. 
As  this  residue  only  occurs  where  the  lines  are 
on  the  tracing,  a  negative  is  thus  obtaiiied  on 
the  gelatine.  Over  this  negative  is  rolled 
ordinary  pnnter*s  ink  of  any  colour,  and  copies 
can  then  he.  transferred  £o  any  paper  by  the 
simple  process  of  taking  impressions  by  haiid. 
There  is  no  water  used,  and  the  copies  are  as- 
permanent  as  any  ordinary  printed  matter. 
The  bltie  print  may  be  washed  and  used  as  usual 
if  desired,  but  in  this  process  it  is  only  required 
as  a  means  to  obtain  the  gelatine  negative. 

Pi,— The  letter  pi^  tt,  is  the  sixteenth  of  the 
Greek  alphabet.  Being  the  initial  letter  of  the 
word  perimeter,  it  is  u.sed  to  denote  the  ratio 
of  the  cii-cu inference  of  a  circle  to  the  radius, 
and  this  is  obviously  the  same  for  all  cii-eles 
Ancient  mathematicians  attacked  this  probleni, 
but  the  ratio  cannot  be  representetJ  exactly  by 
any  two  whole  numbers.  For  practical  purposes 
?r  may  be  taken  to  equal  31.  Then  if  the 
diameter  of  any  circle  be  1  ft,,  the  circum- 
ference is  3i  ft. ;  if  the  diameter  be  42  in.,  the 
circumference  ia  42  x  3|  in.,  and  so  on,  Tlius 
the  rule  for  finding  the  circumference  of  a  circle 
is,  diameter  x  x  —  circumference.  For  greater 
exactness  ir  may  be  taken  as  ^J|,  or  3'1416. 
To  fourteen  places  of  decimals  the  ratio  becomes 
344159i265358979,  but  it  has  been  calculated 
to  hundreds  of  decimal  places. 

Picker* — A  small  vent  wire,  when  used  for 
withdra'W'ing  small  fiatterns  from  their  moulds, 

Pickering^  Governor— In  this  the  balls 
are  connected  to  tlie  centre  of  cambered  springs 
of  tiat  steel,  which  are  sulficiently  elastic  to 
accommodate    themselves    to    the    centrifugal 
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action  of  the  balb.  Th&  effect  o£  Increase  in 
speed  is  to  draw  the  ends  of  the  «prmg«  in- 
wards, so  le^^^ening  the  ofiening  of  the  tlirottle. 
The  springs  either  act  on  a  sliding  eoUur 
which  actuates  the  throttle  valve  lever,  or 
tliey  operate  directly  on  the  valve  through  the 
valve  bpindle,  placed  centrally  below. 

Pickle,  Pickling.— Bektes  to  the  removal 
yA  oiclde,  acale,  i>r  dirt  from  artieleSj  iron  and 
^i4?el  chiefly^  but  also  fi*om  copper  alloys, 
jtreparat*iry  t^j  coating  the  surfaces  with  some 
j>re.seriative,  or  to  siiften  them  previous  to 
liuichining,  and  Sf»  iiave  the  edjges  of  the  tcK>b, 
The  extent  <if  the  application  of  this  process 
b  very  wide.  It  includes  the  small  cti^iinga 
and  forgingsi  in  many  engineers'  sjhopSi»  sheets 
of  iron  and  steel  which  have  to  be  galvanised 
or  painted^  rods  which  have  to  be  drawn  into 
wire,  plates  and  sheets  which  have  to  be  rolled 
ur  stamped,  and  tin  plates.  Often  the  pickling 
ptuce^  has  to  be  repeated  twice  or  oftener,  as 
wben  ardeles  are  annoded  the  scab  has  to  be 
raiBOved  after  each  annealing* 

The  acids  used  are  snlpburic^  hydnx-hlorie, 
and  nitric,  the  first  two  for  iron  and  steel,  the 
thirri  far  brass.  But  the  proportions  va^ 
much.  Generally  pickling  solutions  are  heated 
to  increase  the  activity  of  the  acid?^.  The 
jiartlcular  qji ide  also  governs  the  nature  of  the 
ocidji  used.  Ferrous  oitlde,  FeO,  in  easily  soluble 
in  hydruchJoric  and  nitric  acids,  but  scarcely 
at  all  in  sulpbnric.  Ferric  oxide,  Fe.^0^  (common 
brown  rust),  is  soluble  in  dilute  hydrochloric 
acki  and  dilute  sulphuric.  The  black  or 
nuigiH^ic  oxide,  Fe^O^,  or  FeO,  Fe.O^  is  soluble 
i»  hydrochloric  acid*  As  the  oxicles  are  more 
tltSeult  to  rlissolve  than  the  metal,  the  tnetal 
in  cuntact  with  black  oxide  or  scale  is  mare 
rcMwiiiy  attacke*!  than  a  cle^n  surface,  because 
the  9cnle  k  electro-negative  to  the  iron.  Tlie 
fotkiwing  selections  illustrate  a  few  variations 
in  the  practice  of  pickling.  I  part  of  sulphuric 
aeid,  ijr  hj^irochloric  acid  to  10  of  water  is  used 
for  remoring  mill  sc^le  from  forgings  antl  plates. 
I  part  hydrochloric  acid  to  19  wl  water,  for 
removing  black  osdde  from  steam  pipes,  btiiler, 
atid  collect* >r  tubes.     Or,  I  part  to  39  parte  of 

■  if.  For  removing  mill  scale  from  structural 
1  previous  t**  [lainting: — ^l  part  of  liydru- 
chloric  acid  to  I  of  water^  cold.  Or,  hot  dilute 
vol**  VIL 


sulphuric  acid  of  a  strength  of  from  20  to  iS 
per  cent,  solution.  A  10  per  cent,  solution 
requires  several  houi*s  of  immersion.  Pure 
hydrochloric  acid  may  be  used  for  removing 
rust  rapidly  from  iron  and  steel.  The  work 
should  afterwards  be  rinsed  rapidly  In  cold  and 
hot  water,  and  driefl  in  sawdust.  For  ii-on 
castings,  1  of  sulphuric  acid  to  4  of  water  for 
rapid  working,  or  1  to  10  of  water  for  slower 
action*  It  may  be  used  cold*  or  kept  at  a 
tempei-ature  of  aUmt  150°  Fahr. 

Picric  Acid.  —  Or  trinitrophenol, 
Cr,H.,(N03)5jOH,  is  obtained  by  the  action  of 
nitric  acid  on  phenol  or  carbolic  acid,  C^H^OJI, 
one  tfj  three  atoms  of  hydrogen  in  the  latter 
compound  being  substituted  by  NO,,.  Picric  acid 
forms  bright  yellow  crystals  slightly  soluble  in 
water*  It  is  used  &s  a  yellow  dye,  and  as  an 
ejq^losive  in  Lyddite,  and  Melinite. 

Piece  W^ork. — Work,  the  iabfimr  cost  of 
which  b  fixed  beforehand,  mutually  by  the  firm 
and  the  hands.  Though  it  appears  an  ideal 
arrangement  it  has  seldom  pro%"ed  satisfactr»ry 
in  practice.  Conventional  views  with  regard 
to  the  amount  that  men  should  be  peimitted 
to  earn,  based  on  the  standard  weekly  wages, 
have,  more  than  any  other  cause^  interfered 
with  the  permanence  of  piecework  prices.  Men 
have,  in  their  own  interests,  restricted  their  out- 
put to  the  equivalent  of  time  and  a  quarter* 
time  and  a  third,  or  time  and  a  half,  according 
to  the  unwritten  usage  of  their  shops,  in  order 
to  prevent  the  cutting  of  prices  should  them^ 
rates  be  exceeded.  Another  difficulty  lies  in 
the  readjustiftent  of  prices  to  changed  con- 
dition s^  such  as  improved  machinery  and 
appliances,  by  which  labour  is  lessened.  There 
are  some  classes  of  work  again  far  which  it 
is  dirticnlt  t**  fix  prices  beforehand ;  as  work 
which  is  not  of  a  repetitive  character,  jobbing 
work,  thitt  which  retjuires  special  tat^kle,  much 
pattern,  and  foundry  work,  and  forging. 

The  best  conditions  under  which  piecework 
prices  can  be  settled  are  those  in  which 
machmery  is  chiefly  employed.  It  is  therefore 
largely  adopted  in  plate,  and  machine  motildijig, 
and  in  the  machine  shop.  In  the  boiler  and 
plating  shops  riveting  is  paid  by  the  hundtvd, 
^^'ork  priced  by  the  ton,  varying  with  character  \ 
and  forgings  per  hundred  in  the  stamping 
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department  of  the  smithy.  When  improved 
machinery  and  methods  are  introduced,  then 
readjustment  of  prices  can  be  effected  by  the 
first  job  or  two  done  as  tests  by  which  to  settle 
the  new  prices*  But  w^hen  a  price  is  once  fixed 
it  should  nut  be  cut  so  long  as  the  conditions 
remain  unchanged,  for  that  brings  the  system 
into  disrepute.     Sm  Premium  System S> 

Pig'  Bed« — The  bed  of  sand  in  which  the 
pig  moulds  are  made,  and  which  are  filled  from 
the  blast  furnace  through  a  sow. 

Pig     Boiling.  —  The    modern    process    of 


Fig.  48.— Hydraiilie  Pig-iron  Bre«.ket, 

puddling  for  w^rought  iron,  in  which  the  tie- 
carbonisation  18  effected  by  the  oxide  of  iron 
in  the  fettling  spread  over  the  bottom  of  the 
reverberatory  furnace*  The  term  I'elates  to  the 
appearance  of  ebullition  due  to  the  escaping  of 
tlie  carbonic  oxide  geuerated  below  the  surface 
of  the  metai  It  is  also  termed  w^i  pitddlifig 
to  distinguish  it  from  the  older  method,  in 
whicli  sand  bottoms  were  used,  the  term  wet 
relating  to  the  etratum  of  liquid  cinder.  It 
was  the  invention  of  Mr  Joseph  Hall,  the 
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founder   of   the   firm   of  the   Bloomfield    Iron 
Works,  Tipton,  Staffordshire.     See  Puddiing- 
PigCasting    Machine. —6^  Casting 
Machine. 

Pigging  Back* — To  pig  back  signifies  the 
recarbonisation  of  open -hearth  steel,  by  the 
addition  of  pig  iron,  to  bring  back  sufficiency 
of  carbon  to  the  charge. 

Pig  Iron,  or  Pig. — The  commercial  form  in 
which  cast  iron  is  supplied  by  the  smelters  ta 
the  founders.  It  derives  its  name  from  the 
fact  that  the  pig  mould jj  are  arranged  in  faeries 
from  a  long  main  feeder, 
the  soWf  which  is  run 
from  the  blast  furnace. 
The  moulds  are  in  open 
sand.  The  section  is 
that  of  the  lettei'  O^ 
but  solid.  The  length 
is  about  3  ft.  and  the 
weight  about  1  cwt. 
each. 

Pig  is  graded  accord- 
ing to  the  quality,  as 
indicated  by  the  appear- 
ance of  the  fractured 
surface.  It  ranges  from  grey  to  white,  as 
Nos*  1  to  8,  or  10  ;  or,  as  is  now  general,  from 
1  to  4;  grey  or  foundry  irons,  and  No*  4 
forge  pig,  and  also  mottled  and  white. 

In  1791  the  quantity  of  coal  consumed  at 
Dowlais  in  making  a  ton  of  pig  averaged 
8  tons  1  cwt.  A  furnace  turned  out  only 
20  tons  of  pig  in  a  week,  and  this  was  the 
av^erage  for  the  kingdom.  By  1831,  3  tons  of 
coal  only  wei-e  used,  and  the  furnace  output 
hafl  increased  t^  78  tons.  In  1859  the  con- 
sumption was  2i  tons,  and  output  137  tons 
per  furnace.  In  1896  the  coke  consumed  was 
1 9  cwt.,  ei:jual  to  about  1  ^  tons  of  coal  per  ton, 
and  the  output  was  1,600  tons  per  furnace 
per  week. 

Pig-Iron  Breaker.— A  machine  for  break- 
ing  pig  int«j  short  lengths  for  remelting  in  tlie 
cupola.  In  small  foundries  it  is  broken  with  a 
sledge,  or  by  throwing  a  pig  across  the  edge  of 
another  on  the  ground.  One  type  of  machine 
iij  ope m ted  by  a  treadle  with  a  falling  monkey* 
Another  class  of  machine  is  shown  in  Pig.  48, 
by   Bopp    &    Reuther   of    Mannheim.      It    is 
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operated  by  preasiiTe  water,  a  ram  pushing  a 
tev«r,  the  iihort  ami  of  which  breaks  the  pig, 
whicJ^  is  lee!  timler  the  lever  on  a  roller. 

Pile-Driving^  Machines.  — Mac^hine.^  for 
driv-ing  piles  are  derived 
froQi  the  old  ringing 
engines.  In  these  the 
monkej  is  held  and 
pulled  up  by  a  single 
rope.  From  this  rope 
other  smaller  ropes  de- 
pend, each  of  which  is 
pulled  by  one  man,  and 
each  let  go  ■simultane- 
ously. The  lift  is  limited 

a  majcimum  of  ab^ut 

ft  The  driving  m 
carried  on  in  spells  of  a 
few  minutes,  with  in- 
tervals for  rest*  Tlie 
weight  of  the  ram  or 
monkey  doea  not  ejtceed 
tfOfn  4  to  8  cwt  For 
each  40  lb.  weight  nf 
run  one  man  is  allowed. 

Bmfv^  Mackifm». — In 
the  bftad  pile  *  driver 
proper  tlie  mm  is  hoisted 
by  a  single  pimJiaBe 
crab  situated  in  tlie 
baae  of  the  dmber  f mm- 
mg;  and  having  a  rope 
or  chain  coiling  round 
its  drum  leading  off  to 
the  ram.  When  the 
latter  is  lifted  to  the 
height  required  it  ii  dis- 
by  means  of  a 
and  so  falU.  The 
catch  is  pulled  by  a 
hanging  from  a 
r,  which  with  the 
oatch  forms  a  bell  crank. 
Hie  men  slides  against 
&oe  of  the  up- 
HghtB,  or  teaderm^  which 
faced  with  iron 
ways.  The  weiglit  of 
the  ram  may  range 
from    about    10    to    25 


cwt.^  and  the  height  of  the  framing  from  25 
to  40  ft. 

Fig.  49  illustrates  a  10-cwt.  hand  pile-driver 
by   Youngs  of    Birmingham.      It   is    a    good 


Fig.  •lH.'-'irhCiit.  Pile  Driver. 
(Youngs.) 
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example  of  a  self-contained  timber  framed 
structure.  The  crab,  the  ram,  catch,  and  hand 
rope  for  releasing  the  same  are  all  clearly 
shown,  together  with  the  other  details,  so  that 
a  detailed  description  would  be  superfluous. 

Pmver  Machines, — The  intermittent  action  of 
the  hand  machines  was  adopted  in  the  earlier 
steam-power  machines,  the  chain  being  lowered 
after  each  blow  to  hook  on  the  ram  afresh. 
Several  pile-drivers  have,  however,  been  de- 
signed in  which  the  chain  runs  constantly  in 
one  direction  for  lifting,  and  the  ram  is  attached 
to  and  released  from  the  running  chain.  In 
one  of  these  an  endless  pitch  chain  passes  over 
sheave  pulleys  at  the  top  and  bottom  of  the 
leaders.  It  also  passes  over  a  pitch  chain 
wheel  on  the  engine  shaft,  whither  it  is  directed 
by  suitable  guide  pulleys.  A  hole  is  cored 
through  the  ram,  and  a  sliding  bolt  at  right 
angles  with  the  longitudinal  hole  can  be  made 
to  engage  with  any  link  of  the  chain  on  pulling 
a  cord  which  is  attached  to  one  end  of  a  lever, 
which,  with  an  eccentnc,  actuates  the  bolt. 
Release  is  eflfected  by  the  attendant  pulling  at 
the  opposite  end  of  the  lever,  or  by  fixing  a 
stop  at  any  height  on  the  leaders  for  the  lever 
to  come  in  contact  with.  The  pitch  chain  is 
driven  by  a  pair  of  oscillating  engines,  and  the 
same  engine  shaft  which  carries  the  pitch  chain 
wheel  drives  a  long  chain  drum,  used  for  pitch- 
ing the  piles,  by  means  of  an  ordinary  chain 
which  passes  over  a  pulley  in  the  top  of  the 
framing.  A  sliding  clutch  is  used  for  making 
and  breaking  connection  between  the  engine 
shaft  and  the  chain  wheel,  or  the  drum.  This 
avoids  the  need  for  a  separate  winch  for  setting 
the  piles.  This,  in  common  with  some  other 
makes,  has  provision  for  inclining  the  leaders 
from  the  perpendicular,  so  that  piles  can  be 
driven  with  a  batter. 

When  the  ends  of  piles  are  driven  lower  than 
the  bottoms  of  the  leaders,  a  dolly  is  sometimes 
interposed  between  the  monkey,  and  the  pile. 
This  is  a  piece  of  balk  of  about  the  same  cross 
section  as  the  pile.  The  objection  to  this  is, 
that  it  absorbs  about  half  the  energy  of  the 
blow.  The  alternative  is  to  fit  telescopic 
lejulers,  slid  upon  the  leaders  of  the  main 
framing,  and  adjusted  to  the  depth  of  the  pile. 
The  ram  descends  on  these  below  the  framings. 
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Lacoiir's  SUam  Pile-Driver. — This  is  a  design 
in  which  the  ram  is  a  cylinder  moving  over  a 
fixed  piston,  the  lower  end  of  the  piston  rod 
resting  upon  the  pile,  and  forming  the  point  of 
resistance  for  the  upward  movement  of  the 
cylinder.  This  is  effected  by  steam  introduced 
between  the  top  of  the  piston  and  the  cylinder 
cover.  When  the  cylinder  is  lifted  to  its  maxi- 
mum height  (or  to  any  other  height  regulated 
by  the  attendant)  the  exhaust  is  opened,  and 
the  cylinder  falls  by  gravity  on  the  head  of 
the  pile.  A  three-way  valve  controls  the  steam 
and  exhaust  through  one  passage  in  the  cylinder 
cover,  and  a  flexible  tube  conveys  the  steam  to 
the  monkey  at  its  varying  heights.  One  hole 
near  the  bottom  of  the  cylinder  permits  the 
escape  of  condensed  steam  from  below  the 
piston,  another  allows  pressure  steam  to  escape, 
in  the  event  of  the  steam  inlet  being  opened 
too  long. 

Whittaker^s  Steam  Hammer  PUe-DHver, — 
This  resembles  Lacour's  in  the  lifting  of  the 
cylinder,  but  differs  in  details.  The  steam  is 
admitted  through  a  long  telescopic  pipe  lying 
parallel  with  the  ram,  and  which  slides  with 
the  ram.  The  latter  is  guided  by  rollers  at  top 
and  bottom  behind  the  leaders.  In  some 
designs  the  blow  is  delivered  by  steam  pres- 
sure assisting  the  action  of  gravity. 

New  Southgate  Pile  -  JD fiver. — This  design 
only  resembles  the  previous  ones  in  the  fact 
of  the  lifting  of  the  cylinder  ram  by  steam 
pressure.  The  piston  rod  is  formed  in  two 
portions,  Fig.  50,  the  solid  portion  a,  the  end 
of  which  rests  on  the  pile  (and  which  is  forged 
in  one  with  the  piston)  and  a  hollow  portion 
B  extending  out  through  the  cylinder  cover. 
Through  it  the  steam  is  admitted.  This  con- 
tains the  steam  inlet  ports  a  to  the  cylinder 
at  its  lower  end,  where  it  joins  the  piston, 
and  at  the  upper  end  a  piston  valve  c, 
through  which  the  admission  of  steam  to  the 
tube  takes  place.  The  piston  valve  is  opei'ated 
by  a  lever  d  opening  it  when  the  lever  is  pulled 
in  one  direction,  and  allowing  it  to  close  by 
the  steam  pressure  when  the  lever  is  pulled  in 
the  opposite  direction.  This  was  fitted  by  the 
New  Southgate  Engineering  Co.  not  only  to 
ordinary  fixed  machines  but  also  to  trench,  and 
to  portable  machines. 
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Fig.    .>».— l*ile.])river.      (New 
S>uthjrate  EnsprieeringCo.) 


Fi;,'.  .VJ.  —  Pilo- Driver.     (Xcw  SmitlipiU'  Kn:.iin.Mniiiu'  Cm.) 
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Fig.  51,  PUte  %^I.,  illustrates  a  machine 
working  at  Folkestone  on  sea-defence  works* 
The  piles  were  driven  on  a.  Imtter,  and  were 
12  in.  by  12  in,  "by  about  20  ft.  long,  and  driven 
into  hard  blue  gault*  About  10  ft.  each  of 
fouHseen  piles  w*ere  driven  e^ch  day,  the  monkey 
weighing  25  cwt.^  and  giving  fifty-fom*  blows  a 
minute  with  alx^ut  5  ft,  to  6  ft*  drop 

This  design  has  been  modified  in  the  iirtn's 
latest  pattern,  illustrated  in  Fig*  53,  In  this 
the  steam  and  exhaust  valves  are  placed  in 
the  piston  a,  a  being  the  steam  valve,  5  the 
exhaust.  The  lever  B  and  rod  c  actuate  the 
st^am  valve  for  opening  and  closing,  the  ex- 
haust valve  opens  automatically  for  the  down 
stroke.  Tlie  exhaust  steam  escapes  through 
the  bottom  of  the  monkey  into  the  atmosphere. 
The  exhaust  steam  accelerates  the  descent  of 
the  monkey,  and  there  is  a  saving  in  steam^ 
as  the  hollow  piston  rod  is  not  emptied  at  each 
stroke.  The  various  sections  give  full  details 
of  the  construction* 

TreMch  Machifie, — ^This,  made  by  the  same 
firm^  ia  used  for  driving  piles  in  parallel, 
and  both  simultaneously  when  sheet  piling 
is  requiiW  for  retaining  loo«e  soilj  and  when 
foundations  have  to  be  got  out  for  build - 
ings>  and  spaces  for  sewers.  It  comprises  a 
wooden  framework  mounted  on  a  carriage  with 
wheels^  and  iiaving  two  sets  of  leaders  at  the 
front  of  the  carriage*  These  are  attached  to 
cross  pieces  Exed  at  intervals  up  the  fix>nt  of 
the  frame,  to  permit  of  the  guides  being  moved 
across  the  front  of  the  frame  to  enable  piles  to 
be  driven  at  various  distances  apart* 

Travellimj  Pile  Driver. — In  this  machine  by 
the  New  Southgate  Engineering  Co*  the  leadera 
are  earned  on  an  adaptation  of  a  steam  erane 
design  with  a  revolving  bed  on  a  bogie  truck 
for  a  railway  gauge.  The  leaders  occupy  one 
end  of  the  revolving  bed,  the  boiler  and  ballast 
tanks  the  other,  and  the  engines  midway*  The 
leaders  fold  down  iA^  permit  of  railway  transit. 
There  are  two  pairs  of  engines.  One  set  is 
used  for  slewing,  and  alao  for  lifting  the 
monkey  to  the  top  of  the  piles,  and  for  hoist- 
ing the  piles  itito  position  in  the  first  place. 
The  second  set  is  used  for  travelling  only,  Pile^ 
drivers  of  this  class  require  the  aid  of  three 
men,  Tliey  work  at  a  boiler  pressure  of  from 
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60  to  80  lb.  per  square  inch  ;  fifty  blows  h 
minute  is  a  good  record  for  the  best  machines* 
The  best  result  ever  obtained  was  an  average 
of  sixty-three  blows  per  minute,  with  a  4  ft. 
6  in*  drop  ;  this  was  driving  concrete  piles. 

Elmtric  Pile  -  Drivers.  —  Tlie  arguments  in 
favour  of  the  substitution  of  electric  driving  fMr 
that  of  .steam  in  cranes  and  other  machines 
apply  wuth  equal  force  to  pile-drivers.  Given 
the  generating  station,  the  current  can  be 
carried  to  any  point,  and  the  use  of  stenju 
pipes,  boilers,  and  engines  avoided.  In  the 
electric  pOe- driver  by  the  New  Southgate 
Engineering  Co.  the  hoisting  is  done  by  an 
electro  -  magnet  w^hich  attiiches  itself  to  a 
planed  face  on  top  of  tlie  ram,  when  current 
is  switched  on*  The  magnet  is  connected 
by  wii-es  to  a  motor  on  the  hoisting  cnib, 
and  is  worked  by  a  switch  from  the  ci'ab. 
When  current  is  switched  on,  the  winch  lifts 
the  magnet  and  z^m  to  the  required  height. 
On  switching  the  cm*rent  ofiF,  the  ram  is  released, 
and  falls.  ITie  magnet  fcjilows,  ready  to  be 
switched  on  wlien  the  blow  has  l>een  delivere*!. 
Tlie  electric  winch  is  eontinimlly  in  motion. 
Tlie  barrel  shaft  is  fitted  with  a  large  right  and 
left-handeil  friuti<m  cone  clutch  which  is  oper- 
atetl  through  the  centre  of  the  barrel  sliaft  by 
elect  ro-magn  e  ts. 

Si>me  pile-flri^ers  are  mounted  on  turntables 
to  pei'mit  of  driving  piles  at  any  radial  position. 
Others  have  provision  only  for  driving  at  right 
angles.  The  common  hoisting  engine  ia  used 
foi*  operating  a  pile  -  driver.  The  American 
hoists,  with  two,  four,  or  six  drums,  are  used 
largely  for  the  same  functiunj  and  the  ropes 
may  be  led  off  t*j  w*ork  several  drivers 
simultaneously. 

With  regard  to  the  use  of  the  term  **  monkey," 
and  '^ram'*  it  has  been  pointed  out  by  Mr 
Perry  F.  Kursey,  Engineer ^  vol*  xciv*^  p* 
2B5,  that  the  former  is  incon^ct,  and  has  crept 
in  without  the  justification  of  the  usage  of 
engineei"s.  He  says  that  the  snatch  hook  of 
the  pile-driver  is  the  monkey,  and  the  weight 
is  the  i-am,  and  that  the  term  *'  monkey  engine  '* 
was  applietl  to  the  original  pile-drivers  that 
displaced  the  "ringing engines/*  the  application 
doubtless  being  derived  fn>m  the  monkey -like- 
action  of  the  snatch  hook,  which  was  the  oidj 
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Fig.  5),  — PrLE-DElVRR   IN    OrKRATlOK    AT 
F0LKi:8TON  E. 


Fig*  ."i9.  — Piu.AK  Dkiujnu  Machine. 
(Ludw-  Loewe  k  Co.,  Ltd.) 


Fig,  6<>. —Pillar  Dritxin*;  M.uhine, 
(iiir  W.  G.  Amiijtriiiig,  Wiiiiworth,  k  Co.^  Ltd.) 


Fig.  if].      Pm'C  JjKmmx*.   M  ^ruiXK- 
(,L  Jitti-ker  &*Jo,,  Ltd,) 
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new  feature  and  which  displaced  the  numerous 
i\>pes  of  the  ringinu  engine. 

HydrtiHlic  Fil€-Driinng, — This  ih  a  method 
(idopted  when  the  soil  is  gravelly  or  sandy,  into 
wliich  piles  do  not  drive  so  readily  as  into  clay. 
A  jet  of  water  is  driven  down  into  the  soil 
below  the  pile^  softening  and  disintegrating  it, 
ioti>  which  the  pile  sinks  either  by  iti  own 
weight,  or  by  a  dead  loading.  The  water  is 
bftmght  in  at  the  foot  by  means  of  gas  piping 
with  a  short  return  nozzle,  and  coming  under- 
tieath  the  pile.  The  ends  are  not  generalij 
pointer  I  in  this  case. 

Piles,  Pile-Driving*— Piles  are  used  for 
making  an  artificial  foundation  in  untrust- 
worthy soil,  as  in  clay»  gravel,  sand,  loose 
boulders.  They  may  fonn  the  actual  basis  for 
foundation,  the  structure  resting  directly  on 
theiD,  or  they  may  simply  enclose  concrete  or 
tnasonry,  the  actual  foundations.  When,  as 
in  the  latter  case,  the  piles  are  driven  in  con- 
flict^ the  term  M«fl/  pihng  is  applied.  Piles  may 
he  ilHyen  vertically,  or  inclined — with  batter. 

Theoretically  there  should  be  no  difference 
between  the  effects  of  a  blow  delivered  by  a 
light  ram  or  monkey  at  a  great  height,  and  a 
li«eavy  ram  from  a  lesser  height,  the  product  of 
timss  X  fall  being  the  same.  But  experience 
Siliows  that  the  latter  is  more  eilieient.  A 
light  ram,  falling  from  a  good  height,  produces 
^Hbration  and  jar,  which  tends  tti  split  the 
piles.  Another  point  is,  that  the  driving  must 
be  uninterrupted.  If  a  pile  is  left  partly  driven 
orer-oight,  the  resistance  to  driving  is  increased 
mbout  threefold* 

With  regai*d  to  the  limit  of  drivings  opinions 
differ  greatly*  A  pile  h>  supposed  to  be  driven 
siifhciently  when  it  will  not  sink  more  than 
from  j^  in,  to  f  in.  under  a  given  number 
of  blows.  Rankine  give-s  a^  a  t^est,  a  de- 
pression of  not  more  than  I  in.  by  thirty 
blows  of  an  800  lb.  monke}'^  falling  5  ft.,  or 
niechuilc&l  energy  of  600,000  ft.  lb*  [ler  inch. 

The  sustaining  power  of  piles  is  generally 
considered  to  bear  a  isolation  to  the  limit  of 
rlriving*  for  if  a  given  blow  will  only  sink  a  pile 
thnmgh  a  minute  distance^  it  seems  reasonable 
to  suppotie  that  It  woukl  be  an  indication  of 
the  load  which  it  should  sustain  without  further 
yielding*     Bules  are   given   by   Rankine   and 


others  based  on  the  depression  of  the  pile  in 
feet  by  the  last  blow.  But  they  differ  much* 
For,  as  Trautwine  points  out^  "No  rule  can 
apply  correctly  in  all  positions*  The  ground 
itself  between  the  piles,  in  most  cases,  supports 
a  part  of  the  load ;  although  the  whole  of  it  is 
usually  assigned  to  the  piles.  Again,  in  very 
clayey  soils,  there  is  greater  liability  to  sink 
with  the  lapse  of  time,  in  consequence  of  the 
admission  of  water  between  the  pile  and  the 
clay ;  thus  diminishing  the  friction  between 
them.  The  less  firm  the  soil,  the  more  will  the 
piles  he  affected  by  tremors  ;  which  also  tend 
in  time  to  cause  sinking.  In  fiome  cases  this 
sinking  will  not  he  that  of  the  piles  settling 
deeper  into  the  earth  around  them,  but  that 
of  the  entire  compact^  mass  of  piles  and  earth 
into  which  they  were  driven  settling  down  into 
the  less  dense  mass  hdow  them,'* 

Trautwine's  own  approximate  rule  is : 
"  Multiply  together  the  cube  n.x>t  of  the  fall 
of  the  monkey  in  feet,  the  weight  of  the  monkey 
in  lb.,  and  the  decimal  -023.  Bivide  the  pro^ 
duct  by  the  last  sinking  in  inclies  -f  I  ;  the 
result  is  the  extreme  load  in  tons  which  the 
piles  should  sustain*  A  factor  of  safety  as  low 
as  two  may  be  taken  in  some  cose^  if  the  piles 
are  thoi'ougbly  driven  into  firm  soil,  but  not 
more  than  one^xth  if  driven  into  river  mud, 
or  marsh,  and  if  subject  to  tremors,  not  more 
than  half  the  above.'*  The  cross  section  and 
length  of  a  pile  are  not  taken  into  these  calcula- 
tions, for  the  resistance  of  a  pile  is  the  real 
measui'e  of  ite  capacity  to  sustain  stress^  and 
this  is  not  affected  by  variations  in  dimensions 
or  weight*  A  good  formula  for  the  working 
load  on  piles  is  the  following,  originally  due 
to  the  Efigine^%ui  Xmas : — 

Bearing  power  of  pile  = 

2  X  weight  of  ram  y  height  of  fall  In  feet 
last  penetration  in  inches  4- 1 

The  great  differences  which  are  found  in 
soils  affect  the  penetrability  of  piles.  Sands, 
clays,  and  gravels  are  as  a  rule  readily  pierced^ 
but  caaes  occur  in  which  piles  cannot  he  driven 
l>eyond  5  or  6  ft*  in  depth.  A  mixture  of 
mud  with  sand  and  gravel  facilitates  driving. 

Piles  are  often  driven  with  blunt  ends,  as  it 
is  found  that  they  have  less  tendency  to  run 
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out  of  perpendicular  than  pointed  ones.  But 
for  firm  stOny  soil  piles  must  be  pointed.  The 
points  must  be  protected  with  shoes,  of  wrought 


Fig.  53. 


Fig.  :a. 
Cast-iron  Piles. 


iron  generally,  which  are  spiked  to  the  timber. 
The  heads  are  prevented  from  splitting,  with 
rings  shrunk  on.  But  the  heads  often  split 
below  the  ring  in  hard  soil,  and  crush  badly, 
termed  brooming.  It  may  often  happen  that 
heads  may  have  to  be  sawn  off  once  or  more, 


some  of  the  Australian  hardwoods  are  all 
commonly  used  for  piles.  Any  timbers  which 
resist  the  action  of  moisture,  and  the  attacks 
of  the  Teredo  navalis  are  suitable  for  piles.  The 
timbers  are  generally  square,  but  sometimes  the 
rough  boles  are  used.  Ten  to  twelve  inches 
square  is  a  usual  cross  section,  and  lengths  to 
suit  the  depths  of  the  foundations. 

Cast  Iron. — Screw  piles  are  often  used  in 
gravelly  soil.  They  do  not  readily  penetrate  stiff 
clay.  The  screw  is  from  7  in.  to  8  in.  pitch, 
and  comprises  a  single  turn  only.  The  edge  is 
sometimes  serrated.  The  pile  end  is  pointed, 
Fig.  53,  or  blunt.  Fig.  54.  The  pile  is  turned  in 
with  heavy  worm  gear.  Capstan  bars  have  been 
used,  pulled  by  a  rope  from  a  winch.  It  is 
necessary  when  the  ground  is  stiff  to  load  the 
top  of  the  pile  with  pig  iron  or  other  material, 
otherwise  it  will  turn  without  screwing  itself 
in.  The  screw  lengths  are  not  cast  of  the  full 
length  for  deep  piling,  but  make-up  lengths 
are  added  as  the  depth  increases,  being  bolted 
with  flange  connections,  or  sockets  and  spigots. 

Steel  Piling. — A  good  deal  of  piling  has  been 
used  in  America  under  the  Friestedt  patents, 
which  cover  a  large  number  of  designs.  It  is  a 
sheet  piling,  composed  of  a  series  of  interlocking 
steel  rolled  sections,  as  channels,  beams,  angles, 
and  zeds,  Fig.  55,  so  united  as  to  be  watertight 
except  in  very  wet  loose  soil,  in  which  some 
little  packing  is  required.  The  claims  made 
for  this  in  cofferdam  work  are  that  double  rows 
of  sheet  piling,  inner  and  outer,  are  rendered 
unnecessary,  a  single  set  of  piling  sufficing  to 
enclose  the  space.     Tlie  interlocking  is  shown 
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Fig.  55.— Friestedt  Piles. 
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and  rebonded  on  this  account.  Piles  frequently 
have  to  be  sawn  off  level  under  water.  A 
special  circular  saw  is  used  operated  from 
above.     See  Pile  Saw. 

Materials  of  Piles — Timber. — Timber  is  used 

more  than  any  other  material  for  piles,  because 

cheap,    and    under    suitable    conditions,    very 

durable.     Elm,  oak,  the  deals,  greenheart,  and 
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in  its  essentials  in  Fig.  55.  It 
comprises  a  channel  interlocked  to 
a  similar  channel  with  a  zed  bar 
riveted  thereto ;  the  taper  of  the 
inner  faces  of  the  channel  flanges  renders  the 
joint  watertight.  A  beam  or  joist  is  also  com- 
bined with  a  channel.  Combinations  of  angles 
and  zeds  are  also  made,  and  some  others.      Tlie 
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sections  are  driven  by  a  monkey,  as  in  other 
piling,  and  exceptionally  long  lengths  are  made 
up  by  jointing.  Comers  are  made  up  in  various 
ways,  one  being  seen  in  Fig.  55. 

Concrete  Piles. — The  ravages  of  the  Teredo 
naralis  in  sea  piles  cause  rapid  decay  of  timber, 
an  objection  from  which  piles  of  concrete.  Figs. 
56  and  57,  are  free.  These  are  steel  rods 
arranged  in  skeleton-like  fashion,  around  which 
the  concrete  is  moulded,  and  in  which  the  rods 
are  wholly  encased.  The  shoes,  also  of  steel, 
are  built  into  the  moulded  piles.  The  Williams 
pile  is  shown  in  Fig.  56,  a,  b,  and  in  Fig.  57, 
with  a  steel  shoe.  There  is  no  limit  to  the 
length  in  which  such  piles  can  be  made,  and 
thus  horizontal  joints  are  avoided.  Sheet  piling 
differs  from  the  ordinary  piles  in  the  shape  of 
the  shoes,  which  are  wedge  shaped  in  the  sheet 
piles,  and  in  the  formation  of  a  semicircular 
groove  down  the  abutting  edges  of  the  piles. 
Into  the  latter  fine  concrete  is  filled,  as  in 
jointing  concrete  blocks  for  sea  work.  These 
piles  are  made  in  the  Hennebique  system.  Fig. 
56,  c,  by  enclosing  a  series  of  iron  rods  run- 
ning longitudinally,  and  bound  with  cross  trees 
in  concrete. 

PUe  Sawing  Machine.— A  machine  for 
cutting  off  the  heads  of  piles  level  after  they 
have  been  driven  into  place.  A  machine 
of  this  kind,  made  for  use  on  Dover  Pier 
by  Messrs  Isaac  Hill  «fe  Son,  is  attached  to 
the  pile  by  a  belt  and  clamp,  by  which  it  is 
swivelled  round  the  pile  after  a  cut.  Three 
cuts  are  required,  with  three  settings,  to  sever 
a  pile,  the  saw  cutting  towards  the  centre 
of  the  pile.  The  saw  is  of  the  flush  side  type. 
It  is  driven  by  manual  power,  handles  being 
fitted  to  two  flywheels,  and  the  drive  taking 
place  through  spur  and  bevel  pinions  and 
wheels,  forming  double  gears.  It  is  lifted  by 
an  eye  in  a  cross-bar  over  the  machine. 

Pile  Screw  Patterns. — Pile  screws  seldom 
form  more  than  one  revolution,  or  one  and  a 
half  revolution  of  a  circle.  They  are  large  in 
diameter,  standing  out  from  the  body  an)und 
which  they  are  fitted  to  a  distance  of  from 
about  8  in.  to  1 2  in.  As  the  screw  blades  are 
thin,  there  is  only  one  way  in  which  they  can 
be  fitted,  namely  with  the  longitudinal  direction 
of  the  grain  standing  perpendicularly  to  the 


body.  The  body  therefore  is  turned  first,  and 
the  blade  fitted  to  it,  and  turned  subsequently. 
Fig.  58,  A,  shows  a 
body  before  the  screw  is 
fitted.  This  is  jointed 
in  the  middle  plane.  It 
is  sometimes  made  in 
solid  stuff,  but  the 
better  way  is  to  lag  it 
up  as  shown,  similarly 
to  pipe  and  column  pat- 
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Fig.  .*)<].  — ^. 
Williams      Pile. 

Eiilarge<l  Sec- 
tion of  ditto.  C 
Hennebique  Pile. 
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Fig.  57.— 
Williams  Pile. 


terns.     This  is  advantageous,  not  only  l)ecauso 
it   will   retain   its  first   accuracy  longer,   but 
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clxietly  because  the  screw  blade  has  to  be 
screwed  from  within,  and  it  is  better  to  have 
the  internal  flat  faeea  of  the  lugging  to  screw 
against  than  to  boi*e  down  from  tlie  joint 
face  for  the  insertion  of  the  screw  headi^.  The 
manner  of  lagging  ig  clear  from  the  iigure,  and 
will  he  I'eaclily  ynderstoiKl.  The  cmss-bar  at 
the  pointed  end  is  a  solid  block,  to  permit  the 
turning  down  of  the  taper.  Elsewhere  the 
cntHs-biirs  are  narrow. 

The  screw  blatle  has  to  fit  in  grooves  cut  in* 
the  body.  This  im  necessary  to  tlie  retention 
of  these  bhitle^s  in  place^  for  they  Imve  to  be 


at  the  fiiot  will  give  the  width  of  the  groove 
to  be  cut.  Or,  if  a  piece  of  paper  c  having 
tJie  dimension  c,  etjual  to  the  circumference  of 
the  body,  and  having  diagonal  lines  drawn  t*> 
correspond  with  the  pitch  p,  with  other  line^'* 
parallel  therewith  to  give  the  width  of  the 
gix^ove,  is  glued  round  the  body,  then  these 
line^  will  afford  a  correct  guide  for  the  cutting- 
in  of  the  groove  as  at  A.  The  latter  method 
is  the  quicker  of  the  two,  otherwise  there  is 
little  to  choose  between  thera.  The  groove 
is  sawn  and  chiselled  round,  using  a  templet 
for  its  depth,  Fig.  58,  e. 


Fig.  58.  — Pile  Scrt^w  Patturnis 


left  behind  in  the  mould  after  the  withdrawal 
of  the  body  therefrom,  and  taken  out  subse- 
quently in  segments.  The  grooves  are  shallow% 
— about  \  in.  only  in  depth.  They  are  of  course 
of  the  Rame  pitch  as  the  screw  blade*  They 
are  marked  out  either  by  lines  of  equal  division, 
or  by  a  paper  tamplet*  Thus^  if  the  diameter 
d  of  the  body,  and  the  pitch  p  of  the  blade  are 
divided  out  inU>  any  number  of  equal  divisions, 
as  in  Fig.  58,  u,  a  line  drawn  through  the  points 
of  intersection  will  delineate  the  screw,  and 
another  line  marked  paiullel  with  that  at  a  dis- 
tance  away  equal  to  the  thickness  of  the  blade 
58 


The  fitting  of  the  blade  segments  has  to  be 
done  carefully  in  two  ways.  Tliey  must  bed 
closel}^  in  the  groove  to  prevent  them  from 
movement  during  moulding.  Also  they  must 
be  roughed  out  sufficiently  large,  and  of  such 
a  shape  a^j  to  permit  of  the  scmw  thread  being 
cut  from  point  to  root*  As  the  angles  at  root 
and  point  are  very  diffei^nt,  F,  the  segments 
nmst  be  cut  out  of  a  sufficient  thickness  to 
include  both.  The  plan,  Fig.  Xy%  f;,  illustrate 
this.  Also,  during  the  fitting,  note  must  be 
taken  to  maintain  the  segments  in  such  a  posi- 
tion that  the  top  ends  will  be  at  the  correct 
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angle  approxiniiitely  for  the  tip  of  the  thread. 
This  is  tested  by  a  set-square  raised  up  from 
he  body  agaiBst  the  face  of  the  tegmenta,  at 
le  cnlges  of  each.     Thia  will  indicate  approxi- 
Lately  the  cori*e€l  position,  becausie  the  centre 
of  every  screw  thi^ad  nuist  stan*!  perpendicu- 
larly on  its  base.     There  will  be  six,  or,  in  a 
lai^  ^rew  pile,  eight  segments  to  the  circle. 
will  not  be  united  to  each  other,  because 
cannot   then   be  got  out  of   the  mould, 
wing  to  the  friction  of  the  sand  in  the  large 
risted   blade   surfaces.      They   ai'e,   however, 
twined  in  position  relatively  to  each  other  with 
tongue  fitting,  n,  at  a.     And  they  are  scmwed 
1  the  body  from  within  it.     As  they  have  to 
be  monldedl  many  timea,  wood  sci'ewH  would  not 
hold    in  end   grain,   and   plates   are   therefore 
let  into  the  blade  segments  to  receive  thumb- 
screws, .1,  wood  screws  being  shown  at  a,  and 
Iteraatively  thumb-screws  at  h. 

The  pattern  will  of  course  have  to  be  taken 

part  in  the  joint  to  permit  of  the  insertion  of 

'llie  screws,  after  which  it  will  be  returned  to 

the  lathe  for  the  turning  of  the  top  of  the 

w   blade.      This   must   be   done   carefully, 

nse  of  the  iiarrownesn  of  the  surface,  and 

^i^*^  must  be  insei-ted  at  the  joints  of  the  blades 

m  ith  each  other,  at  the  sides,  to  prevent  possible 

k  of  their  flying  asunder. 

The  best  way  to  turn  the  tips  is  to  set  the 

t  by  measurement  horn  the  centre  of  the 

the,  and  so,  by  turning  the  wood  parallel  w4th 

rest,  the  parallel  diameter  of  tlie  work  will 

asHured,  measurement  by  calipers  ntit  lieing 

mcticable,      A   sharp    gouge   umst   be   used, 

eld  rigidly,  and  light  cut>^  taken.     A  firmer 

chisel  may  be  used  to  impart  the  finish. 

To  mark  out  the  threarl  on  the  tips  some 
care  b  necessary.  In  the  first  place,  the  pattern 
tnuHt  be  taken  from  the  lathe,  and  lines  scribed 
ID  the  joint  fat^  on  the  centre  of  the  screw 
liliixle  perpendicularly  to  the  body.  These  are 
produced  on  the  ouUide  of  the  turned  tips,  and 
^tben  the  pattern  is  put  together  again  and 
umed  to  the  lathe,  and  these  lines  carried 
rand.  They  give  now  the  pitch  on  the  tips, 
hich  corresponds  with  the  pit^ih  on  the  body, 
twist  of  the  screw  mil  be  got  from  inter- 
ing  Unes,  the  use  of  paper  being  irapractic- 
le,    Tlie  distance  between  the  pitch  is  divided 


directly  from  a  strip  of  wood  laid  on  the  rest, 
K,  from  which  lines  ai'e  struck  on  the  tips 
during  the  revolution  of  the  lathe-  Then  the 
circumference  is  divided  out  into  the  same 
number  of  parts,  and  lines  marked  fmm  a 
straightedge  laiil  on  the  I'est.  The  screw  thread 
is  marked  through  the  intersecting  piiint-s  with 
a  bent  steel  laid  upon  the  turned  tips,  using  a 
scriber  pt>int* 

To  work  the  blades  the  pattern  muat  be 
taken  from  the  lathe  and  the  wood  screws 
withdrawn  in  the  joint  face,  leavang  each  blade 
to  be  shaped  separately.  The  shaping  \b  done 
with  planes,  after  roughing  oflF  the  majority  of 
the  material  with  paring  gouges.  The  jack 
plane  will  be  used  for  reducing  nearly  to  siite-, 
but  in  consequence  of  the  twist  of  the  blade 
the  jack  plane  is  too  wide  for  finishing,  for 
which  a  rebate  plane  is  used.  Eveiy  section 
must  be  planed  absolutely  straight  from  body 
part  ttJ  tip.  The  rounding  of  the  etlges  and 
the  cutting  of  the  entering  and  leaving  edge 
is  done  subsec^uently.  Blades  made  in  this 
way  will  deliver  freely  from  the  mould,  without 
any  twisting  out,  if  taken  in  sections  as  fitted 
to  the  body. 

Piling"* — The  welding  together  of  iron  bare 
in  piles  fur  the  rolling  of  bars^  sections,  and 
plates.  Piling  is  done  in  the  ca^se  of  the  smaller 
bars  to  improve  the  quality  of  the  product  by 
the  work  done  upcm  it*  Tlius,  merchant  Imrs 
are  piled  from  puddled  bars,  and  the  superior 
qualitiea  are  produced  by  a  second  or  Uiird 
cutting  up^  and  piling.  Sectional  forms,  as 
angles  J  tees^  ifcc,  and  formerly  railsj  are  piled 
to  produce  the  varied  sections  required. 

In  piling  for  plates,  slabs  are  placed  at  top 
and  bottom  of  the  piles  of  bars,  and  the  whole 
is  arranged  so  that  the  fibre  crosses  and  re- 
crosses  at  right  angles.  The  piles  are  raised  to 
a  W'elding  heat  in  i^eheating  furnaces,  and  then 
consolidated  by  hammering  and  rolling.  Piling 
is  also  practised  in  engineers*  smithies,  w^iei'c  it 
is  termed  fagoting.  Odds  and  ends  of  scrap 
ape  welded,  and  draw*n  out  by  liammeTiiig  to 
pitiduce  Jagoted  scrap^  which  is  exceptionally 
tough  and  strong,  and  is  used  for  high-class 
work.  Cranks  arc  often  made  from  tliis 
product. 

The  objection  to  piling  is  the   risk  of  en- 
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closure  of  oxide  and-  dii*t — a  sandwicli  of  iron 
and  dirt.  Steel,  which  is  free  from  these  evils, 
has  to  a  large  extent  displaced  piled  iron  for  all 
except  some  of  the  smaller  sections,  and  for 
some  classes  of  work,  light  forgings  chiefly,  for 
which  good  iron  is  preferred. 

Pillar  Drilling  Machine.— There  are  many 
types  of  drills  which  have  an  upright  pillar  as 
the  basis  of  the  frame,  forming  a  means  of 
attaching  a  base-plate  and  an  adjustable  table. 
The  bearings  for  the  drill  spindle  are  either  cast 
solidly  with  the  pillar,  in  the  case  of  small 
machines,  or  the  lower  bearing  is  movable, 
sliding  upon  flat  ways,  in  order  that  the  bottom 
end  of  the  spindle  may  be  adequately  supported 
at  all  times,  close  to  the  work.  The  spindle 
has  a  certain  amount  of  movement  in  this 
bearing,  so  that  the  feed  may  be  imparted  by 
means  of  rack  and  pinion  through  hand  or 
power.  The  base-plate  is  tee-slotted  to  attach 
work  by,  while  the  table,  of  circular  form,  is 
secured  in  a  split  bracket  embracing  the  circular 
pillar,  and  raised  or  lowered  thereon  by  rack 
and  pinion.  The  rack  is  concaved  to  fit  the 
curve  of  the  pillar,  so  that  the  whole  table 
arrangement  can  be  slewed  around  out  of  the 
way.  An  extension  of  the  pillar  at  the  rear 
provides  means  of  carrying  the  lower  driving 
cones,  with  fast  and  loose  pulleys,  and  the  upper 
cones,  connecting,  with  or  without  back  gear, 
through  a  bevel  gear  to  the  spindle,  or  a  sleeve 
upon  it.  The  terms  Upright^  ox  Column  drill 
are  also  used  in  connection  with  these  machines. 

Fig.  59,  Plate  VI.,  represents  a  typical  pillar 
drill  which  embodies  the  sliding  spindle  head, 
with  a  hand  and  a  self-acting  feed  to  the 
spindle  sleeve.  The  rack  for  elevating  the 
table  is  of  helical  form.  A  good  many  points 
mentioned  may  be  noted  in  this  illustration. 

Another  class  of  pillar  machine,  shown  in 
Fig.  60,  Plate  VI.,  has  a  stiff  boxed-up  column, 
and  the  drill  spindle  slides  through  a  sleeve. 
The  feed  is  given  either  by  hand  wheel,  and 
worm  gear  driving  a  pinion  which  racks  an 
extension  of  the  spindle  up  or  down,  the  same 
effect  being  produced  also  by  the  belt  cones ; 
or  the  spindle  may  be  pulled  down  quickly 
for  light  work  by  the  long  counterbalanced 
levers  at  the  top.  The  table  has  compound 
slides. 
60 


Pillar  File.— ^cc  Files. 

Pillar  Milling  Machine,  or  Pillar  and 
Knee  Machine. — Generally  understood  of 
the  type  which  is  described  under  Universal 
Milling  Machines,  with  horizontal  spindles. 
But  many  of  the  vertical  machines  comprise  a 
pillar  and  knee  to  carry  the  tables. 

Pillow  Block. — A  plummer  block.  See 
Bearings. 

Pilot. — Something  which  serves  as  a  guide 
to  something  else.  Pilot  pins  are  used  to 
locate  centres  apd  bearings.  A  pilot  light  is 
one  that  ignites  a  larger  light. 

Pin. — A  fastening  or  pivot  which  is  not 
threaded,  but  which  is  secured  by  other  means 
than  by  a  screw  thread,  as  by  a  split  pin,  or  a 
cotter.  The  pin  is  usually  furnished  with  a 
head  at  the  end  opposite  to  the  split  pin,  or 
cotter,  but  sometimes  it  may  be  plain,  and 
secured  similarly  at  both  ends.  Pins  fail  by 
bending,  or  by  shearing,  the  method  depending 
on  their  length  and  the  support  afforded.  A 
tapered  circular  pin  is  used  as  a  key  for  light 
work,  such  as  small  gear  pulleys,  and  milling 
cutters.  It  is  not  so  liable  to  cause  cracking 
of  the  boss  or  cutter  as  a  key  of  square  section 
would  be. 

Pin  Drill.— ^6^  Drill. 

Pine  {Pinus), — A  term  applied  to  a  large 
number  of  species  which  are  of  great  value  to 
engineers.  They  belong  to  the  natural  order 
Conifera*.  They  are  characterised  by  softness 
of  wood,  straightness  of  grain,  resinous  pro- 
perties, and  generally  large  dimensions.  They 
are  found  mostly  in  the  North  Temperate  Zone 
in  Europe,  and  North  America.  The  firs  are 
imported  from  the  Baltic,  the  yellow,  white, 
red,  and  pitch  pines,  and  white  and  black 
spruce  from  America. 

Pin  Gear— ^ee  Lantern  Gear. 

Pinion. — A  toothed  wheel  of  small  diameter. 
The  term  is  relative  only,  being  applied  to  the 
smaller  wheel  of  a  pair,  or  the  smaller  wheels 
in  a  train. 

Pinny. — Signifies  the  presence  of  hard  specks 
of  metal  in  wrought  iron  or  brass.  Also  the 
choking  of  a  file  with  particles  of  filings. 

Pin  Vice. — A  very  small  hand  type  of  vice, 
having  a  hollow  handle,  through  which  lengths 
of   wire  or  rod  may  be  passed,  or   pins,  etc., 
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held  with  their  shanks  pi'ojecting  into  the 
handle.  It  Is  a  ven'  convenient  tool  for  light 
inetal  workers,  and  enables  such  work  as  the 
above  to   be   held  more  secui-elv  than   in   the 


base,  and  a  top  flange  is  screwed  down  to 
i-etain  the  piix».  The  latter  is  then  l)ent  by 
revolving  the  machine  with  worm  gear,  rollers 
being  ])laced  at   the  sides   to   prevent    lateral 
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Fig.  ()2.  —Pipe  CaliiMJi-s. 


liai-e  hands.  Some  tx-pes  have  the  jaws  formed 
by  splitting  down  the  metal,  and  fitting  a  screw 
and  wing  nut ;  another  clas§  have  toggle  jaws, 
pivoted  near  the  centre  to  a  block,  and  opened 
or  closed  by  a  coned  neck,  which  is  forced  to 
and  fro  by  screwing  or  unscrewing  the  handle, 
upon  which  the  cone  is  made,  the  effect  being 
to  move  the  other  ends  of  the  level's,  where  the 
jaws  are  situated  inwards  or  outwards,  and  so 
grip  or  release  the  work. 

Pipe  Bending^. — Copper  and  lead  pipes  ait» 
l>ent  cold,  those  of  wrought  iron  and  steel  ai*e 
heateii.  Before  bending,  it  is  necessary  to 
prevent  wrinkling  in  the  internal  angles  by 
filling  the  pipe.  Melted  resin  or  a  very  fusible 
alloy  are  use<l  in  cold  bending,  but  sand  when 
pipes  have  to  be  heateil. 

Pipe  Bending  Machines.  —  These  art» 
designetl  to  avoid  the  tedious  bending  done  by 
hand  with  the  tongs,  while  the  pipe  is  held  in 
the  vice,  or  in  a  board.  Some  mjichines  employ 
hand  leverage  only,  but  for  the  larger  sizes, 
screw,  or  hydi-aulic  pressure  Ls  adopted.  Tlie 
curve  is  produced  either  against  templets :  or 
three  rollei*s,  two  l)eing  adjustable  ti»  different 
centimes,  the  third  being  pressed  by  the  ram 
midway  between  them.  The  adjustments  give 
tlifferent  i-adii,  on  the  same  principle  as  those  of 
plate  bending  rolls. 

Tlie  Kennedy  pijKvbending  machine.  Fig.  01, 
Plate  VI.,  employs  a  loose  ring  or  roller, 
eoncave-eilged,  and  of  a  diameter  corresj^onding 
to  the  intended  radius.  Tliis  ring  is  slipjKKl 
oviT  a  screwed  mandrel  fi.xed  in  the  machine 


motion  of  the  pipe.  A  series  of  differently 
sized  rings  are  provided  to  accommodate  various 
pipes  and  radii. 

Pipe  Calipers.— Long-armed  calii>ei-s  usetl 


for  iiieasuring  thr  tliickness  of  a  pijK?  or  column 
sevrral  ftvt  away  from  tlie  ends.  In  tin*  cali|>t»i*s 
designee  1  by  Mr  F.  Clarke  tlie  construction  is 
as  folhiws: — Twt>  juirallel  Iwirs,  Fig.  6l*,  a,  h, 
connecti^l  rigidly  at  one  end  form  tlie  frame, 
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one  bar  being  shorter  than  the  other.  A  eon- 
tact  piece  €t  is  screwed  in  the  longer  arm  at 
its   termination.      The   other   e*3ntaet   piece   b 

on   the   end   of  a  lever  c   pivoted   on  the 

orter  arm.  This  contact  piece  is  rigid ,  but 
the  other  is  adjustable  with  a  screw  and  lock 
nat.  The  opposite  end  of  the  lever  has  a  piN> 
jection  which  move.^  over  a  graduated  scale  D, 
which  may  be  plain,  or  made  as  a  vernier,  A 
support  1  is  provided  on  the  short  ai'ni  to  pre- 
vaat  spring  of  the  apparatus,  and  ensure  a 
true  reading. 

Pipe  Coverings.— iS(5e  Non- 
Conducting  Coverings* 

Pipe  Hangers-  — Lc»opfi  of 
iron  or  steel  rod  dependent  from 
overhead  beams  or  brackets,  Fig. 
63,  to  cany  steam  and  hydraulic 
pipes.  They  have  some  means 
of  vertical  adjustment^  ejected 
a  screw.  If  there  is  much 
vibration^  lock  nuts  should  be 
fitted.  There  are  many  methods 
of  suspending  the  loops. 

Pipe  Joints. — These  include 
many  kinds,  rigid   and  fie^cible, 

nged    or    socketed^    registered 

'i>r   not,   suitable    for   steam    or 

liqtuds,    for   high    or  low    pres- 

Mo^  joints  are  alisolutely 

d,  the  exceptions  being  few. 

FUinged  Jotni^.^These,  Fig. 
61,  A,  are  made  with  plain  abut- 
ting faces;  or,  for  high  pressuresj 
olien  with  registered  or  checked 
bc^s,  Fig,  65,  as  in  luost  hy- 
dianllc  work,  Fiaiti  £aces  are 
very  seldom  left  rough  as  cast. 
When  they  are,  the  joint  is  made  with  a 
ring  of  plaited  tar  twine,  or  a  washer  of 
jnillboard^   or   indiarubber.      Red   lead   mixed 

;th  oil  into   a  thick   paste   helps  to  All  up 

.terstaoea.     A  tar  twine  joint  with  red  Jead 

used  for  many  manhole  joints.  It  yields 
to  the  presinre  of  the  bolts,  and  so  makes 
a  close  joint.  But  most  flanges  are  faced. 
Between  merely  facing  with  a  rough  cut,  and 
scraping  there  is  a  good  deal  of  difference,  A 
scraped  joint  is  steam-tight  at  high  pressures, 
without  any  Lnsertion   beyond  a  thin    film   of 


red  lead  in  oil.  A  rough4tinied  joint  requires 
an  insertion  of  wire  gauze,  or  indiarubber,  or 
asbestos  sheet,  or  plain  canvas,  or  Arnerican 
cloth ;  smeared  with  a  thin  layer  of  red  lead  in 
oil  in  most  cases.  This  is  not  n^Jessary  with 
indiarubber.  The  higher  tlie  steam  pressure, 
the  less  red  lead  should  be  used,  l>ecause  of 
its  liability  to  get  blown  out.  On  some  nari'ow 
faces  a  ring  of  copper  wire  bent  to  overlap  is 
suitable.  Being  sijueezed  by  the  tightening  of 
the  bolts  it  prevents  leakage  past  it.  Many 
fiange^i  Instead  of  being  jointed  all  over,  have 


oi 
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Fig,  66.— Steel  Pipe  Joints,  Socketed  and  Flanged, 

PreKsed  Socket.     B.  Thimble  Joint,     C  Sere  wed   Flatigei.     D.  Fonn   of 
Flftnge  fotr  Riveting  or  Welding.     E.  Loose  Fkogn's, 


only  an  annul  us  next  the  bore  in  contact^  Fig. 
64,  a  This  saves  much  fitting  and  permits  ot 
making  a  good  joint  quickly.  Sometimes  the 
open  portitm  is  filled  up  with  rust  cement. 

Joints  are  registered  for  high  water  pressures, 
Tiiere  are  several  variations  in  the  design.  In 
Some  a  plain  recess  is  b*>red  in  one  flange,  Fig,  65, 
A,  and  a  projecting  annulua  turned  on  the  other 
to  fit  it  An  indiarubber  ring  is  iuserteii  in  the 
bottom  of  the  recess^  and  being  squeezed  by 
the  pi"ojecting  portion  by  the  tightening  uf  the 
bolts  makes  a  tight  joint     Generally,  however. 
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there  is  a  register  and  vee  grooves  in  con- 
junction, B,  and  an  indiarubber  ring  of  circular 
section  is  squeezed  in  the  vee  grooves  by  the 
tightening  of  the  bolts.  This  joint  is  suitable 
for  any  pressures.     In   some   cases  the  vee  is 


Flexible  Pipe  Joint. 


recessed  in  one  flange  only,  the  meeting  flange 
being  left  flat.  These  flanges  are  either  circular 
or  elliptical  in  shape,  the  first  for  the  larger, 
the  second  for  the  smaller  pipes.  The  bolts  are 
turned  and  fit  in  drilled  holes.  The  number 
of  bolts  and  the  thickness  of  the  flanges  increase 


The  methods  of  union  are  either  screwing, 
riveting,  or  welding.  Screwing,  c,  is  only 
adopted  for  cast-iron  flanges  for  moderate  pres- 
sures, for  high  pressures  riveting  or  welding 
are  substituted.  The  flanges  should  be  shrunk 
around  the  pipes  before  riveting  is  done.  Some- 
times narrow  rings  only  are  welded,  and  these 
are  then  held  with  loose  flanges  bolted  together 
behind  the  rings,  or  the  pipes  are  flanged,  E. 

Socketed  Joints, — These  allow  of  some  play 
for  adjustment  of  pipe  lengths.  The  socket  or 
recessed  portion  at  one  end  of  one  pipe  receives 
the  spigot^  or  entering  end  of  another  pipe. 
Fig.  64,  D,  E,  F,  G.  The  fit  is  often  loose, 
and  free,  but  for  some  good  work  the  sockets 
are  bored  and  the  spigots  turned,  e.  The  joint 
is  completed  by  stemming  or  caulking  with 
spun  yarn,  or  a  gasket,  behind  the  spigot,  held 
by  pouring  molten  lead  in,  followed  by  caulk- 
ing with  a  blunt-ended  tool.  Steel  pipes  have 
steel  sockets  riveted  to  them,  or  formed  by 
pressure.  Fig.  66,  a,  or  thimbles,  b.  See  aluo 
Stop  Ends,  Thimbles,  Unions. 

Flexible  Joints. — The  foregoing  are  rigid 
Joints.  There  is  a  section  of  pipe  work  in 
which  it  is  necessary  to   allow  flexibility  be- 


Fig.  68. — Joints  in  Wrought-Iron  Tubes. 
A.  Union  for  Straight  Tubes.     B,  Lock  Nut  Union.     C.  Diminishing  Socket.     Z>,  L\  Bends.     F,  Tee.     O.  Cross. 


with   the   pi-essures   and   stress   on    the   pipes. 
See  Flanges. 

Cast  iron  is  distrusted  for  pipes  subjected  to 
high  steam  pressures,  and  for  hydraulic  service. 
Steel  is  used  in  preference,  and  the  flanges 
are  united  to  the  pipe,  Fig.  66,  c,  d.  Some- 
times the  flanges  ai-e  cast,  but  in  some  cases 
flanges  of  pressed  steel  are  employed,  c,  d. 
64 


tween  the  pipes,  as  when  laid  on  irregular 
ground,  the  beds  of  rivers,  &c.  The  commonest 
is  made  on  the  ball  and  socket  principle,  of 
which  thei'e  are  various  designs.  Fig.  64,  f, 
and  Fig.  67. 

Screwed  Joints. — These  are  used  for  wrought- 
iron  tubes,  Fig.  QS^  and  are  made  in  standard 
dimensions  and  to  standaixl  gas  threads. 
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W  =  4- 


D  =  0-538 


Pipe  Lines. — ^These  fill  a  large  place  in  the 
hydraulic  engineering  of  waterworks,  turbine 
installations,  and  in  alluvial  mining.  The  pipes 
have  to  convey  water  for  service  mains,  or 
power  water  under  various  heads,  and  often 
over  long  distances.  Cast  pipes,  and  pipes  of 
steel  sheet  and  wood  are  used.  The  pressures 
are  often  high,  which  makes  the  strength  of  the 
joints  a  matter  of  great  importance.  Pipe  line^ 
have  to  follow  the  contours  of  uneven  ground, 
which  adds  to  the  difficulties. 

Eytelwein's  formula  for  the  delivery  of  water 
in  pipes  is  : — 

V  TT' 
where 
W  =  cubic  feet  of  water  discharged  per  minute, 

D  =  diameter  of  pipe  in  inches, 

H  =  head  of  water  in  feet, 

L  =  length  of  pipe  in  feet. 

Kiltter's  formula  for  the  flow  of  water  in 
jtnwoth  pipes  is  : — 

Pipes  4 in. to  2iin.diameter  =  V=  107  D  »  V§ 
2I    „       5"  „         „       =V=115D0VS 

5  „     10     „         „       =V=134D«VS 
10      „     7i>     „        „       -V=166D«VS 

6  ft.  to  400  ft.         „       =V  =  256  7DS; 

where  V  =  velocity  in  feet  per  second, 
„  D  =  diameter  of  pipe  in  inches, 
„       S  =  hydraulic  inclination. 

The  loss  of  head  due  to  friction  in  long 
pipes  is  calculated  by  the  following  formula  by 
Thomas  Box :— 

G2xL 


Cox's  Weisbach  formula  is  : — 
/4t?2  X  5t?  -  2 


H  =  ' 


H  = 


G2  X  JA 


{<^)K: 


J  _(3rf)*xH 

where  d  =  diameter  of  pipe  in  inches, 
L  =  length  in  yards, 
H  =  head  of  water  in  feet, 
G  =  gallons  per  minute. 
VOL.  vii. 
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where  H  =  total  loss  by  friction  in  feet, 

d  =  the  diameter  of  the  pipe  in  feet, 
/  =  length  of  the  pipe  line  in  feet, 
r  =  velocity  of  water  in  feet  per  second. 

Bends  and  elbows  increase  friction,  hence  the 
larger  the  radius  of  bends  the  better.  Corrosion 
increases  the  frictional  resistance,  which  renders 
Angus  Smith's  composition  so  valuable. 

Indination  of  Pipes.  —When  pipes  have  to 
be  laid  on  slopes  with  uneven  contour,  the 
hydraulic  mean  gradient  is  the  equivalent  of 
vertical  head.  That  is,  a  sloping  line  drawn 
through  the  average  heights  corresponding  with 
the  various  heights  at  which  the  water  would 
find  its  level  gives  this  gradient.  The  vertical 
height  between  extremes  of  slope  is  the  equi- 
valent of  the  head.  The  contour  of  the  pipe 
should  not  be  allowed  to  rise  anywhere  above 
the  line  of  the  hydraulic  mean  gradient.  If 
this  is  unavoidable,  then  air  will  accumulate  at 
the  highest  peaks,  and  will  partly  fill  the  lower 
pipe,  causing  loss  of  head.  In  some  cases  a 
safety  valve  has  to  be  fitted  to  a  pipe  line.  In 
cases  where  pipes  are  exposed  to  considerable 
changes  of  temperature,  expansion  joints  are 
fitted  at  intervals. 

Some  of  the  pipe  lines  on  the  Pacific  coast 
are  of  great  length  and  head.  The  Standard 
Oil  Company's  pipe  line  extends  from  the 
Bakersfeld  and  Coaluya  oil  fields  to  Point 
Richmond  in  the  Bay  of  San  Francisco,  a 
distance  of  278  miles.  The  pipes  are  8  in.  bore, 
of  open-hearth  steel,  subjected  to  a  pressure  of 
about  600  lb.  per  square  inch.  The  Keswick 
pipe  line  of  the  Northern  California  Power 
Company  is  6,800  ft.  long  with  a  maximum 
head  of*^  1,204  ft.  The  Colgate  plapt  of  the 
California  Gas  and  Electric  Corporation  has 
five  lines  of  30-in.  pipe,  each  of  which  is 
1,625  ft.  long,  the  maximum  head  being  702  ft. 
The  San  Joaquin  Electric  Company's  pipe  line 
near  Fresno  has  a  length  of  4,020  ft.,  and  total 
head  of  1,406  ft.  There  are  960  ft.  of  24-in. 
riveted  steel  pipes  of  No.  12  gauge,  860  ft.  of 
24-in.  riveted  steel  pipe  of  \  in.  thickness,  400 
ft.  of  20-in.  lap-welded  y\-in.  steel ;  800  ft.  of 
E  65 
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20-iiL  lap-wt^lded  -j^jpiu.  steel,  and  1^000  ft,  of 
20-in.  lap-welded  |-m.  steel  pipes,  ^ee  olm 
Aqueduct. 

Pipe  Moulding". — This  is  an  extensive 
section  of  work,  compnaing  not  only  straight, 
and  l>end  pi  pea,  flanged  and  Hoeketedj  but  also 
the  tees,  i-educing  pipes,  thimbles,  stops,  *i!c., 
in  a  %^ery  wide  range  of  dime ns ions,  and  com- 
prising the  jobbing  work  for  odd  jobs,  and  the 
i^egular  manufacture  of  stock  sizes.  Standard 
or  stock  sizes  of  patterns  are  kept  in  most  cases, 
and  are  altered  for  jobbing  size^s.  Straight 
pipes,  and  bends  witli  flanges,  sockets,  and 
other  adjuncts,  are  kept,  ranging  say  from  if  in. 
bore  up  to  about  I'J  in.  Except  in  the  2-in. 
si2e,  the  straight  patterns  aiia  of  standard  9  ft. 
lengths,  ancl  grooves  are  turned  at  the  ends  for 
the  reception  of  flanges.  Such  patterns  are  made 
of  wood,  jointed  ;  or  if  of  metal,  unjoin  ted,  in 
which  case  they  are  let  into  jomt  boards  tt*  the 
middle  plane.  Fur  lengths  less  than  standard 
a  btidij  flange  is  fitted.  For  lengths  longer  than 
standard,  which  are  si:>metimes  wanted,  a  special 
pattern  is  kept,  or  the  standard  one  is  length- 
ened by  means  of  a  dovetail,  ur  by  fitting  the 
extra  length  over  one  of  the  prints.  The 
standard  pattern  may  be  usetl  for  sockets?  and 
spigots.  The  sockets,  of  wood  or  metal,  are 
screwed  on  the  pipe  bfxiy,  and  the  spigots  are 
formed  of  strips  of  lead  bent  round  and  nailed. 
Branches  are  fitted  when  requii-ed  at  right  or 
o^her  angles  by  means  of  butt  joints  and 
screwg, 

Be^wtn. — ^Standard  pattern  bends  are  kept  in 
stock,  with  flanges,  sockets,  and  spigots,  each 
being  distinct  patterns.  They  ai^  seldom 
altered,  but  odd  bends  are  kept  for  such  work 
for  flanged,  and  socketed  fittings,  and  for  attach- 
ment to  straight  lengths  of  pipe  when  bends 
have  to  be  ca.st  with  these.  The  bend  lengths 
are  attached  to  each  other,  and  to  pipes  with 
dovetails. 

Tees, — These  are  kept  in  standard,  and  in 
jobbing  sizes  both  for  flanged,  and  socketed, 
and  spigoted  ends.  The  jobbing  i>atterns  arc 
altered  in  i*e&pect  of  length,  position,  and  si^e 
of  tees  for  making  odd  connections. 

Moulds.— Hhi^  jobbing  pipes  are  moulded  by 
the  ordinary  methods  of  the  foundry,  and  in 
common  boxes.  They  are  generally  made  by 
66 


turning  over.  Box  sides  for  straight  pipes  are 
often  bevelled  from  the  joint  faces  to  lessen  the 
sand  space,  and  the  amount  of  ramming  inquired. 
Bends  are  moulded  in  btixes  formed  at  suitable 
angles,  and  having  bars  to  suit.  -Tees  have 
boxes  with  branches.  But  when  work  of  ex- 
ceptional length,  and  having  branches  at  sides 
or  top  or  bottom  is  lequired,  any  boxes  are 
selected  which  happen  to  suit,  and  makeshift 
methods  are  adopted, 

CWtLM.— The  cores  for  pif)e  work  are  made 
according  to  circumstances,  by  all  the  methods 
of  the  cor©  maker.  They  are  rammed  in  toxe* 
if  the  number  oif  is  sufficient  to  pity  for  the 
boxes.  Bends  and  tt^s  are  usually  made  thus. 
But  coTtis  foi"  straight  pipes  are  often,  even 
though  small,  swept  up  in  k^m  on  a  bar,  and 
all  large  pipe  cores  are  so  made.  The  bars  are 
w^ound  with  hay  bands,  and  the  cui'es  are  drier!. 
Bi"anch  cores  are  butt- join  ted  to  tiie  main  coi^c® 
in  the  mould,  and  often  also  bend  cores  to 
straight  lengths, 

Limm  Work. — -This  is  reserved  for  mass  he 
ciui tings,  and  for  unusual  sizes  and  sliapes* 
Straight  pipes,  and  bends  are  bi>th  made  in  thw 
way.  The  pipes  are  swept  against  a  board, 
and  flanges  or  sockets  fitted  to  the  loam. 
Bends  are  swept  with  stricklej^  against  a  guide 
iron.  See.  Bcnd  Pipes*  Sometimes  the  coii? 
is  struck  firat,  and  the  pattern  thickness  added, 
but  if  numbers  are  respired  off,  the  pattern  is 
distinct  from  the  cores.  Loam  w^ork  is  of 
higli  value  in  this  class  of  work.  Though 
expenaiye,  it  is  not  so  much  so  as  pattern  con- 
struction in  timber  wtmld  be.  There  is  no 
shape  so  dithcult  that  it  cannot  be  pnKiuce^l 
by  strickles,  guide  irons,  and  thickness  pieces, 

MeihiidH  of  Casiimf. — Pipes  are  cast  hori* 
zon tally  bi  the  jobbing  shops.  The  objecticin 
to  this  is  the  floating  of  scum  X^y  the  top,  w^hei'e 
it  is  liable  to  lodge,  and  cause  sponginess,  and 
blow  holes.  This  may  be  largely  avoided  by 
using  risers,  and  by  having  hot  clean  metal  i>f 
suitable  grade*  Another  objection  is  the  tend- 
ency  of  the  cijre  t^i  risse  about  the  centre,  making 
the  metal  thinner  in  the  top  than  in  the  bottom. 
The  risk  of  this  may  be  avoided  by  careful 
chapleting.  But  the  free  use  of  chaplets  is 
undesirable  in  pipes  wliich  have  to  stand  much 
pressure,  because  leakage  often  occurs  around 
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the  chaplets.  Hence  in  the  regular  pipe  foun- 
dries the  pipes  are  cast  on  a  bank  having  a 
slope  of  from  30*  to  45'  from  the  horizontal ; 
or  they  are  poured  vertically.  The  first  named 
is  still  open  to  the  same  objection  as  horizontal 

casting,  the    second    is  ^ 

not ;  the  latter  is  there- 
fore very  general  for 
small  as  well  as  large 
pipes  which  have  to 
be  subjected  to  severe 
pressures.  The  cores 
are  retained  centrally, 
without  chaplets,  and 
the  metal  is  of  equal 
soundness  throughout. 

Pipes  Moulded  Ver^ 
tically, — Figs.  69  and 
70  illustrate  one  method 
of  casting  pipes  verti- 
cally. The  socketed  end 
is  laid  face  downwards, 
fitting  within  a  ram- 
ming ring,  and  a  portion 
of  the  moulding  box 
corresponding  with  the 
socket  is  laid  on  the 
ring,  to  which  it  is 
dowelled,  and  rammed 
up  to  the  joint  face. 
The  main  body  of  the 
moulding  box  is  then 
put  over  and  rammed  to 
the  bottom  of  the  bead 
ring.  This  ring  is  formed 
in  loose  segments  round 
the  body  of  the  pattern. 
This  is  rammed,  and  then 
the  print  ring  above,  the 
box  parts  being  clamped 
to eecfa other..  Thenudn 
body  of  the  pattern  is 
then  witfadrmwn.  fol- 
lowed bj  the  lifting  d 
the  mdtk  bos.  Hie  socket  pattern  is  next 
and  the  bead  sogments  and  print 
"in0  moved  and 


yered 
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into  the  bottom  plate.  This  portion  is  rammed 
in  a  core  box.  The  barrel  of  the  body  core  fits 
into  the  socket  ring  by  a  register  of  angular 
section.  At  the  top,  the  body  core  is  encircled 
by  a  covering  core.     It  is  centred  with  a  gauge. 


Fig.  69.— 
First  Stage  in  Pipe  Moulding. 


Fig.  70.— 
Pipe  Mould  Comploted. 


and  then  wedged  centrally  by  wedges  between 
the  main  and  the  covering  cores. 

Figs.  71  and  72  illustrate  the  moulding  of 
the  smaller  pipes  vertically  as  practised  in  the 
foundry  of  Messrs  R.  D.  Wood  ck  Co.,  of 
Philadelphia.      Both  drawings  show  socketed 
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pipes,  but  the  socket  is  in  the  top  in  one  case, 
in  the  bottom  alternatively  in  the  other.  The 
parts  lettered  are  as  follows :  a  is  the  moulding 
box  body,  made  in  one  for  the  small  pipes,  but 
in  two  or  three  parts  for  the  larger,  b,  the 
base  which  carries  the  mould,  is  chilled,  c  is 
the  core  bar ;  d,  the  core  ring  on  which  the 
socket  portion  of  the  mould  is  rammed,  and 
having  a  tapered  bore  by  which  the  body  oore 
is  centred ;  E  the  bead  ring  which  receives  one- 
half  the  bead  mould,  forming  the  parting  joint. 
In  Fig.  71,  where  the  socket  is  uppermost,  the 
ring  serves  for  centring  the  core  only.  The 
core  is  swept  up  on  straw  ropes  shown,  the 
mould  ranmied  round  the  pattern,  and  lifted 
away.  Core  and  mould  are  dried  in  the  stove, 
and  returned  to  place,  the  mould  closed,  the 
pouring  basin,  F,  prepared  and  put  on,  the 
pouring  being  done  in  a  pit. 

Thicknesses. — The  thicknesses  of  cast  pipes 
are  much  in  excess  of  those  deduced  by  calcula- 
tions. This  is  necessary,  because  of  the  un- 
certainties attendant  on  casting,  and  on  the 
porous  nature  of  cast  iron,  and  its  liability  to 
crack  under  sudden  shock.  Pipes  are  generally 
specified  to  be  of  a  certain  weight  as  well  as 
thickness,  to  guard  against  thinning  or  thicken- 
ing of  the  core  away  from  the  ends. 

The  Weight  of  Pipes. — This  is  readily  calcu- 
lated by  multiplying  the  contents  in  cubic  inches 
by  0*263  for  cast  iron.  The  cubic  inches  can  be 
obtained  by  deducting  the  inner  from  the  outer 
diameter,  and  multiplying  the  section  obtained 
by  a  given  length  of  pipe,  say  a  foot,  or  a  yard. 
Generally  the  weight  of  two  flanges  is  taken  as 
equal  to  that  of  12  inches  length  of  pipe. 

Pipe  Nails.— -Se<j  Chaplets. 

Pipe  Scraper. — Designed  for  removing  the 
incrustation  which  forms  on  the  interior  of 
water  mains.  It  is  actuated  by  pressure  due 
to  the  head  of  water  in  the  pipes.  It  comprises 
knives,  kept  in  position  by  steel  springs,  which 
act  with  a  definite  pressure  on  the  interior  of 
the  pipe,  but  which  yield  to  an  excess  of  pres- 
sure. Thus,  in  one  example,  the  working 
pressure  being  48  lb.,  the  yielding  point  was 
60  lb.  The  pressure  of  the  water  is  taken 
against  pistons  in  the  rear  of  the  knives,  and 
fitted  with  leather  washers.  The  two  portions 
are  connected  with  a  swivel  joint,  which  per- 


mits the  scraper  to  pass  through  bends  of  large 
radius.  A  gain  in  deliveiy  of  from  30  to  50  per 
cent,  has  often  been  obtained  by  scraping  pipes. 

Pipe  Stoves.— -See  Hot  Blast  Stoves. 

Pipe  Templets. — It  is  usual  to  fit  make-up 
lengths  of  pipe  for  the  completion  of  connec- 
tions, by  the  help  of  templets  rather  than  by 


Fig.  73.— Pipe  Templets. 

measurement.  More  exact  fitting  is  ensured, 
with  less  risk  of  error.  It  is  difficult  to  take 
measurements  when  flanges  are  not  square,  or 
when  bends  have  to  pass  round  parts  of 
machinery,  or  when  pipes  of  special  forms  have 
to  be  made.  Generally  for  cast  pipes,  wooden 
templets  are  fitted  by  the  pattern-maker  or 
carpenter;  for  drawn  pipes,  iron  rod  is  bent, 
and  flanges  when  required  are  represented  by 
templet  flanges  of  sheet  iron  riveted  on  the 
ends.  It  does  not  matter  how  rougli  the  body 
of  a  templet  is  if  the  fitting  parts  are  accurate. 
The  end  flanges  are  the  only  essentials,  which 
must  correspond  with  the  flanges  to  which  the 
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connecting  pipe  has  to  be  bolted.  The  body  is 
generally  a  bit  of  plain  board,  and  the  flanges 
are  nailed  to  the  ends  and  retained  accurately 
with  brackets,  Oftenj  however,  the  body  is 
made  to  indicate  all  that  the  pattern-make i' 
and  moulder  wants  to  know.  The  width 
corresponds  with  that  of  the  out^jide  diameter 
of  the  pipe^  and  the  bore  is  marked  on,  and 
the  thick neaa  of  metal  shaded^  The  position 
of  the  bf^lt  holes  may  be  marked  on  the  flanges^ 
A  few  typical  templets  are  shown  in  Fig.  73. 

Pipe  Threads*— 6'^e  Screw  Threads. 

Piping* — The    formation    of    a    shrinkage 


not  used  in  commercial  engines^  but  packings 
of  various  kinds  are  employed.  With  increase 
Ivi  steam  pressures  and  temperatures  the  older 
imckiogs  have  given  trouble,  and  new  types 
have  been  introduced  and  are  now  very 
numerous.  The  dimensions  of  pistons  mofitfy 
the  designs,  so  that  there  is  scarcely  anything 
in  common  between  one  of  6  in.  and  of  6  ft 
in  diameter, 

Tlie  simplest  piston  comprises  two  plates — 
the  piston  lx)cly,  and  the  top  plate,  enclosing  the 
inetallic  packing  ring.  Many  of  these  are  made-, 
and  used  for  small  engines.   Another  comprises  a 


Fig.  74.— Holtd  Piskja,  with  Rams 
hottoTTJ  Spring  Ritigia, 


Fig-  75,  —  Piflton  of  Murine  Engine. 


caving  in  the  upper  portions  of  steel  ingots. 
The  he-ad"  in  which  it  occurs  has  to  be  sawn 
off.     Se^  Ing^ot* 

Piston,— A  body  which  is  caused  to  slide 
in  an  enclosed  vessel  by  fluid  pressure  or 
against  fluid  pressure.  It  may  drive,  or  be 
driven,  by  a  crank,  A  bucket  or  plunger  is 
the  piston  of  a  pump,  a  ram  is  an  hydraulic 
piston.  The  term  is  therefore  restricted 
commonly  to  the  piston  of  a  steam,  or  an  in- 
ternal combustion  engine. 

The  simplest  pistons  are  plain  discs.  But  as 
these  ai-e  not  perfectly  steam-tight,  they  ai-e 
70 


solid  body  fitted  wibh  Ramsbottom  spring  rings, 

expanded  and  sprung  into  grooves  turned  in 
the  bodyj  Fig.  74.  The  plates  are  sometimes 
coned,  as  are  those  of  the  lar^ajest  pistons,  in 
order  to  give  more  strength  to  resist  press uii>s 
than  flat  discs  would  do. 

Piston  rings  are  turned  a  little  larger  than 
the  bore  of  the  cylinder,  at  the  rate  of  abi>ut 
one-eighth  of  an  inch  per  foot  of  diameter,  then 
cut  through  at  an  angle  of  60%  and  sprnng  in- 
wards, so  giving  the  elasticity  required^  They  ■ 
may  be  single,  or  tw^o  or  more  rings  may  be 
fitted  as  is  usual  in  all  but  the  smaUest  pij§tona« 
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I^T^  pistcJiis  are  ribbed,  and  cast  holltjw 
I  Iti  the  larger  sixen,  Fig.  75.     The  strains  on   a 


^ 


Pig.  7*t. — Piston  of  Marine  Ktigine. 

pinton  of  large  area  are  enormous,  and  great  care 
lifts  to  be  exercised  in  the  designing  of  thesei  and 
the  practice  is  largely  empirical.  The  .shrinkage 
utraiiiB  of  castings  have  tii  be  nicely  balanced, 
otherwise  large  pistons  are  liable  to  fracture. 
The  weight  of  marine  pistons  is  so  great  that 
liftmg  €T€5S  have  to  be  screwed  into  them,  ivs 
into  the  cylinder  covers,  to  permit  of  their  being 
lifted  out  by  the  overhead  travelling  crane* 

YH%,  75  illustrate.s  the  pisttm  of  an  inter- 
mediate  engine,  by  Wm.  I>oxford  k  Sons,  Ltd-^ 
in  which  packing  rings  A,  fitting  by  guides 
at  a  to  the  piston  body,  have  Hams- 
bottom  ring?!  B,  the  whole  oonJined  by  a 
junk  ring  a  The  holes  h  in  the  piston 
Ijody  are  for  removing  the  core  thi'Ough, 
being  afterwards  filled  with  screwed 
ptttgi^  Fig.  76  is  a  high-pressure  piston 
by  the  same  firm,  in  Avhich  the  rings  are 
presold  outwards  by  a  coiled  spring. 

C^st  iron  is  used  for  pistons  of  small 
dimajiiong.  Cast  steel  divide  favour  for 
those  of  large  si^e,  because  it  combines 
stu&DgLh    with    lightness.      In    many    of 


pi'essure  cylinderflf  are  of  forged  fifceel,  so  gaining 
a  further  advantage.  The  risks  and  delays 
which  may  follow  from  the  frac- 
tui*e  of  a  piston  at  sea  are  too 
serious  to  be  taken. 

Tlie  Lancaster  piston  rings 
enclose  a  steel  spiral  spring,  Fig. 
77,  which  is  gauged  to  eicercise 
a  definite  pressure  on  the  rings. 
^rhe  same  idea^  hut  with  the 
action  reversed,  is  einlKxited  in 
tlie  firm ^8  metallic  packing  (^^m 
Voh  YT,,  p.  184,  Fig.  206). 
Provision  is  made  for  altering 
the  tension  of  the  spring  when 
necessary  by  screwing  the  ends 
of  the  rings  into  one  another. 
By  varying  the  distance  to  which 
one  end  screws  into  the  other, 
the  diameter  of  the  spring  can 
be  altered  to  put  more  or  less 
pressure  on  the  rings,  Compen< 
sat  ion  is  thus  afforded  for  wear, 
or  for  increase  in  pressure.  The 
action  of  the  spring  operates 
both  radially,  and  in  the  plane  of  the  piston 
block   and  Junk   ring,  si>   making  the  piston 


\ 
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Fig.  77.— Lancaater  Piston  King, 
(t^tioaeter  ft  Tonge,  Ltd-) 

steam-tight  in  both  directions,  with  a  minimum 
of  friction* 


the 


mariQe  engine^),  the  pistons  of  the  high- 


Fig*  78* — tAncaater  Serpent  Coil. 

Another  of    the    Lancaster 
serpent  coil,  Fig.  78.     It  is  a 


patents   i^    the 
coiled  spring  of 
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round  steel,  enclosed  between  the  rings  and 
the  piston  body.  It  is  suitable  for  use  in 
pistons  where  the  flat  coiled  springs  have  been 
fitted,  being  free  from  the  liability  to  bind  fast, 
which  is  an  evil  in  flat  springs.  It  is  used 
largely  in  traction  engines. 

Piston  Pods, — ^These  are  of  steel,  fitting 
generally  to  the  piston  with  a  coned  end,  taper- 
ing about  1  inch  per  foot,  and  a  nut.  Sometimes 
the  fitting  is  parallel  for  the  greater  portion 
of    the    length,   with  a  steep    coning   at   the 


through  bevel  gears  f,  and  spur  gears  g,  and  h. 
The  variable  drive  of  the  table  to  suit  work 
of  diflferent  diameters  is  derived  from  the 
reversed  cones  j  and  k,  driving  to  the  cone  d. 
The  belt  is  operated  by  a  rack  (not  shown). 

The  cross  traverse  of  the  grinding  wheel  is 
derived  from  the  stepped  cones  l,  on  the  same 
shaft  as  e,  driving  to  M  above  on  the  shaft  N, 
thence  through  bevel  gears  to  the  vertical  shaft 
p,  actuating  gears  Q,  comprising  bevels,  worm, 
and   worm   wheel;   by  which  the  worm   and 


tr 
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Fig.  79. — Piston  Ring  Grinder. 


entrance.      The  stress  on  the  rod  is  equal  to 
the  maximum  stress  on  the  piston. 

Piston  Ring  Grinders. — Piston  rods  are 
commonly  ground  in  the  ordinary  cylindrical 
grinding  machines,  or  in  special  machines  of 
similar  but  simpler  design.  The  faces  of  piston 
rings  are  now  often  ground  on  machines  which 
in  general  build  resemble  the  vertical  boring 
machines.  One  of  these  by  J.  E.  Reinecker 
is  shown  by  Fig.  79.  In  this  illustration  a  is 
the  main  framing,  b  the  work  table  which  is 
rotiited  from  the  belt  c  on  the  pulleys  d,  e, 
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worm  wheel  drive  in  opposite  directions,  re- 
versing the  motion  of  the  traverse  feed  screw  r, 
and  thence  the  wheel  head  s.  The  striking 
dogs  are  seen  at  a,  a,  and  the  dogs  at  b,  b 
actuate  the  reversing  lever  c.  t  is  the  hand- 
wheel  for  the  head. 

The  grinding  wheel  is  revolved  from  the 
stepped  pulleys  u  on  the  countershaft,  dri\'ing 
to  the  cones  v  on  the  shaft  of  the  drum  w. 
The  latter  is  belted  to  the  pulley  x  on  the 
grinding  spindle.  The  tension  of  the  short 
belt   is   adjusted   by   the   screw   y,   by   which 
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the  bearings  of  the  drum  are  moved  along 
horizontallj.  The  ero6s-rail  is  adjusted  verti- 
cally  by  bevel  gears  and  screws  from  the  hand- 
wheel  d.  The  screw  t  gives  the  fine  vertical 
feed  of  the  wheel,  the  bear- 
ings being  hinged  at  /. 

Piston  Speed.— The  rate 
of  travel  of  a  piston  in  feet 
per  minute.  It  is  one  of  the 
elements  in  the  smooth  run- 
ning of  an  engine,  and  the 
longer  the  stroke,  the  better 
can  cutoflF  and  cushioning  be  j£ 
regulated.  The  piston  move- 
ment varies  from  rest  at  each 
end  of  the  stroke  to  maxi- 
mum at  nearly  mid-stroke,  the 
varying  rates  of  which  can 
be  deduced  from  the  uniform 
rotation  of  the  crankpin. 

Piston  speeds  were  formerly 
taken  at  220  ft.  per  minute. 
They  now  run  to  600  ft.  in 
short-stroke  high  -  speed  en- 
gines, to  800  ft.  in  marine 
engines,  and  1,000  to  1,200  ft. 
in  l(KX)motives.  High  piston 
speeds  are  economical,  because 
power  is  exerted  in  propor- 
tion to  speed.  Thus  a  speed 
of  SOO  ft.  will  give  twice  the 
power  of  one  of  400  ft.  with 
equal  pressure.  High  pres- 
sures and  speeds  are  therefore 
eccinomical,  but  the  limits  are 
set  by  the  effects  of  inertia 
and  momentum  on  the  moving 
parts  themselves,  and  on  the 
crankpin.  Hence  with  in- 
crease in  speeds,  the  mechani- 
cal difficulties  of  construction 
have  increased,  and  had  to  be 
surmounted.  An  important 
detail  is  concerned  with  the 
weight  of  moving  parts,  which 
is  kept  down  as  much  as  possible,  and  which 
explains  the  substitution  of  steel  for  iron,  and 
'the  best  distribution  of  metal  to  secure  light- 
ness with  strength.  Another  is  the  equal  distri- 
bation  of  rotational  effort  by  dividing  the  stress 


between  the  cranks  at  angles  of  120''  apart 
in  triple  expansion  engines,  and  by  judicious 
counterbalancing  in  single  cylinders,  and  two- 
cylinder  compounds.     The  distribution  of  steam 


Fig.  «(».— Piston  Valve. 

also  is  of  much  imporUiiice,  particularly  the  exact 
amount  of  cushioning  at  the  terniination  of  a 
stroke.  The  piston  sfKHxl  is  found  by  multiplying 
twice  the  length  of  stroke  in  feet  by  the  numbt»r 
of  revolutions  of  the  crankshaft  per  minute. 
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Piston  Valve,  or  Plug^  Valve. -The  l^est 
type  of  balanced  valve.  It  is  a  block  piaton 
of  circular  sectionj  fitted  with  spring  rings, 
and  m  U3ed  both  because  it  occupies  less  space 
for  equal  area  of  parts  than  the  flat  valves  do, 
and  also  because  it  is  in  equilibrium.  It  is 
therefore  u^ed  foi'  the  high-pressure  cylinders 


A.  Cfa&iii. 


Fig.  8L— Reaold  Block  Chaia. 
B.  LiDk.     C.  Block.     B,  Block  before  Drilling. 


of  marine  engines,  fi^uently  also  for  the 
intennediate,  and  low-pressure  cylinders,  and 
latterly  it  has  been  applied  to  locomotives. 
The  valve  is  in  two  portions,  connected  by  a 
litem,  solid  in  the  smaller  sisses,  or  hoDow  in  the 
larger.  The  steam  enters  on  the  outer  faces 
and  exhausts  between.  In  order  to  avoid  the 
spring  of  the  rings  into  the  ports  as  they  pass, 
bridge  bars  are  c^aat  diagonally  across  the 
ports*  Lap  is  allowe<:l  as  in  ordinary 
valves.  Piston  valves  are  simple,  or  they 
are  provided  with  variable  cut-off. 

Fig.  80  illustrates  a  large  piston  valve 
for   a    marine   engine    bnilt    by   Messrs 
William  Do x ford  h  Fk>ns,  Ltd.     The  n>d 
passes  through  the  body  a,  with  \  in.  tif 
elearance.     Hie  eccentric  packing  rings  B 
are  bolted  with  internal  lugs.     The  heads 
of  the  bolts  at  a  are  cut  away  t-^j  permit 
%\i  withdrawing  them.     Junk  rings  c  hold     ^ 
the  rings  in  place.     The  rings  are  turned 
up  one-eighth  larger  in  diameter  tha-n  the 
liner  D.    Four  brass  liners,  is^  ai*e  supplied  with 
each  ring  to  insert   in   the  joint  to  take  up 
w^ear. 

Pitch- — The  distance  from  centi*e  to  centre  of 

gear  wheel  teeth  («ee  Gears) ;  of  screw  threads,  of 

pitch  cliainsj  t>f  i-ivetsii  or  Ijoks,  or  other  details* 

Pitch  Chains*  —  Chains   used  for  driving 

and  lifting  purposes,  and  mad©  to  exact  centres 
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between  links  for  fitting  aronnd  sprocket  wheels; 
hence  sometimes  termed  gtarimj  chains. 

Flf^  Lifik  Chainitf  or  Stud  Chain»,  or   Pin 

and  Link  C^in*.— These  are   the  type  used 

for  practically  aU  heavy  engineers'  slow  speed 

driving,  especially  for  travelling  cranes,  diggers, 

pile  drivers,  excavators,   conveying  apparatus. 

Tliis  design,  in  which  short  flat  links 

are   connected   witli   pins,   and    in 

\^j)  which  the  open  spaces  between  the 

links  fit  over  and  around  the  teeth  of 

the  sprocket  wheels,  is  varied  much 

in  regard  to  the  shape  and  number 

of  the  links.  Many  chains  have  pairs 

-^      of  links  only,  in  others  the  necessary 

7      strength  is  made  up  of  two,  three, 

or  more  thinner  plates  interlocking 

at  the  locations  through  which  the 

E.  St«d.      pins  pass.    The  pins  in  all  cases  are 

shouldered   to   maintain   the   links 

at  their  proper  distance  apart,  and .  they  are 

secured  outside  by  riveting.     Wrought  iron  or 

«teel  stampings  arc  generally  used.     The  edges 

of   links   are   parallel,    or   con  cave,    the    latter 

shape  having  the  effect  of  lightening  the  chain, 

though  maintaining  equal  strength  in  the  middle 

compared  with  the  section  through  the  eye. 

Block    Cliain-s, — These   comprise  solid   steel 


Fig,  82.— Btish  Roller  Chain. 

blocks,  connected  by  steel  flat  side  links,  and 
united  by  shouldered  studs,  which  pass  through 
holes  drilled  and  reamered  in  the  blocks  and 
links.  The  sides  of  the  blocks  are  made  con- 
cave to  lessen  weight.  The  elements  of  the 
block  chains  as  made  b}^  Hans  Benold,  Ltd.^ 
are  shown  in  Fig.  81.  These  chains  are 
made   in   pitches   up   to   5   in.     The   working 
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loads  uniformly  aUowed  for  are  given  at  one- 
tenth  of  the  breaking  strength.  But  these 
may  be  less  or  more  according  to  conditions  of 
driving.     For  severe  work  Mr  Ptenold  says  that 


□ 


Fig.  83.— Bush  Roller  Chain  Parts. 
A,  Assembled  Chain.    B,  Inner  link.     C.  Outer  Link. 
E,  Inner  Bush.     F.  Outer  Roller. 

no  greater  working  load  should  be  used  than 
one-thirtieth  of  the  breaking  strength.  Chains 
should  run  at  an  easy  degree  of  tension.  They 
should  be  lubricated  with  oil  applied  with  a 
brush,  or  the  chain  runs  in  an  oil  bath. 


ing  of  the  pivots  of  the  common  roller  chain. 
In  the  bush  chain  a  large  bearing  surface  is 
provided  for  the  pivot.  It  comprises  two  parts, 
the  outside  element,  and  the  inside  element 
{me  Figs.  82  and  83).  The  outside 
links  are  riveted  to  shouldered  pivots 
with  large  bodies.  The  necks  of  the 
pivots  are  forced  by  presses  into  the 
links  and  riveted  over.  The  pivots  are 
encircled  by  bushes  which  form  pivots 
on  which  the  friction  rollers  turn,  and 
which  provide  the  long  bearing  surface 
essential  to  durability.  Block  chains 
are  used  for  the  slower  speeds  up  to 
about  400  ft.  per  minute.  Roller  chains 
will  run  up  to  800  ft.  per  minute  for 
the  larger  sizes. 

The  S'deni  CAain.— The  Renold 
silent  chain,  Fig.  84,  consists  of  in- 
terlocking plate  links  with  a  vee 
formation,  united  with  shouldered  studs  and 
washers.  There  are  several  advantages  in  this 
design.  The  work  is  distributed  over  several 
teeth,  and  the  wearing  surface  is  so  large  that 
stretehing   is    minimised.      The    plates   which 


D.  Stud. 


Fig.  84.— Renold  Silent  Chain. 


Appearance  of  chain  entering  or  leaving  wheel,  with  detail  of  joint. 
A^  A,  A,  Segmental  Bushings. 


Bush  RoU^tr  CAatn.— This,  Fig.  82,  is  an  in- 
vention of  Mr  Renold,  designed  to  avoid  the 
excessive  wear  on  the  inside  link  joints,  the 
elongation  of  the  inside  links,  and  the  groov- 


make  up  the  chain  have  each  two  holes,  with  a 
small  and  a  large  recess  cut  out,  as  shown  in 
the  detail.  Fig.  84.  Segmental  bushings,  a,  are 
forced  into  the  smaller  recesses,  so  that  each 
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link,  therefore,  carries  two  bushings,  the  latter 
projecting  through  the  large  clearance  space  in 
the  adjacent  link,  and  fitting  the  further  one 
closely.  The  links  are  thus  free  to  pivot  on  the 
central  studs,  which  can  rotate  without  hind- 
rance, and  so  distribute  the  wear  evenly.  Both 
tlie  bushings  and  the  studs  are  hardened.  The 
number  of  links  which  are  strung  together 
depends  on  the  width  of  chain  desired.  To 
keep  the  chain  from  moving  off  its  sprockets 
laterally,  two  devices  are  employed :  in  one, 
guide  plates  are  mounted  in  the  central  portion 
between  the  links,  these  plates  running  in  a 
groove  cut  around  the  sprocket.  But  when 
one  of  the  sprockets  has  considerable  end  play, 
lateral  freedom  is  allowed  the  chain,  by  putting 
flanges  on  the  sprocket,  to  keep  the  chain  from 
running  off.  Increase  of  strength  and  driving 
power  can  be  obtained  without  increase  of 
pitch,  simply  by  widening  the  chain;  noiseless- 
ness  is  secured,  because  the  chain  links  glide 
gradually  into  gear  with  the  teeth.  It  runs 
noiselessly  at  speeds  of  from  1,000  to  1,600  ft. 
per  minute. 

The  Renold  Wheels. — These  are  designed  to 
avoid  the  evils  inherent  in  those  roller  chain 
wheels  in  which  the  attempt  is  made  to  ensure 
fitting  of  the  rollers  with  all  the  teeth  in  the 
working  arc  of  the  wheel.  But  such  exact  fit- 
ting is  impossible  in  practice,  because  the  chain 
stretches  within  a  very  short  time  after  being 
put  to  work.  As  the  wear  on  the  wheel  may 
be  nearly  left  out  of  consideration,  Mr  Renold 


Fig.  80. — Diagram  showing  Tooth  construction  for 
Roller  Chain. 

designs  his  wheels  so  that  the  pitch  of  the 
driver  wheel  is  longer  than  that  of  the  chain, 
and  the  tooth  space  wider  than  that  required 
for  the  reception  of  the  roller.  Fig.  85  shows 
the  method  of  obtaining  tooth  construction, 
from  which  the  locations  of  the  various  radii 


can  be  noted.  The  pitch  of  the  driven  wheel  is 
made  the  same  as  that  of  the  chain,  but  the 
tooth  spaces  are  also  wider  than  the  rollers. 
The  result  is  that  the  load  is  distributed  over  a 
number  of  teeth,  and  in  both  cases  the  incoming 


j^a^a- 


Fig.  86. — Driver  and  Driven  Wheels. 

roller  makes  contact  with  the  side  of  the 
tooth  which  does  not  transmit  the  load.  It  is 
thus  able  to  get  properly  bedded  down  before 
being  called  upon  to  take  up  its  share  of  the 
load.  Fig.  86  shows  how  the  teeth  have  been 
made  for  many  years,  but  their  shape  is  now 
modified  to  that  seen  in  Fig.  85.  Tlie  bottom 
of  the  space  is  made  with  a  larger  radius  than 
that  of  the  roller.  This  still  leaves  some  play 
in  the  tooth  gap,  but  not  so  much  as  formerly. 
Every  roller  beds  in  its  tooth  gap,  and  the 
rolling  action  is  more  easy  and  continuous. 

The  Morse  chain  embodies  a  novel  style  of 
joint,  in  which  sliding  contact  is  replaced  by 
rolling  contact.  The  links  are  connected  by  a 
series  of  approximately  triangular  pins,  one  of 
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which  presents  a  rounding  face  to  the  flat  face 
of  another,  one  of  each  kind  being  fixed  in 
opposite  ends  of  a  link.  As  the  chain  moves 
around  its  wheel,  one  pin  rolls  its  face  against 
its  companion,  giving  a  very  smooth  action 
without  sliding  friction.  The  need  for  lubrica- 
tion is  much  lessened,  and  very  high  speeds  can 
be  attained. 

Conveyor  Chains, — The  ever-increasing  em- 
ployment of  conveying  systems  has  developed 


pitch  measured  is  to  the  whole  pitch  as  a 
fraction  of  circumference  measured  is  to  the 
whole  circumference.  It  is  a  stiff  wooden 
framing  fitting  on  the  shaft,  and  extending  to 
the  circumference.  Two  sides  of  the  framing 
form  a  definite  angle,  say  15**,  and  a  middle  bar 
7^**.  Measurement  is  taken  from  the  edges  of 
these  bars  to  the  face  of  the  blade.  The  fractional 


pitch  will  therefore  be 


360 
15  ' 


1 
24' 


360 

7i  " 


^^ 
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Fig.  87. — Pit  Planing  Machine.     (Plan  and  Side  Elevation.) 


numerous  designs  of  chain  belts  suited  to  every 
class  of  service.  Many  of  these  are  fitted  with 
attachments  taking  the  form  of  special  links. 
They  carry  all  kinds  of  brackets,  scrapers,  and 
other  fittings, 

Pitchometer. — An  instrument  for  measur- 
ing the  pitch  of  a  screw  propeller  blade  by  the 
rule  of  proportion,  in  which  a  fraction  of  the 


of  the  circumference.  Hence  from  the  measure- 
ments taken,  the  pitch  which  corresponds  with 
the  distance  between  blades  in  one  revolution 
can  be  deduced. 

Pitch  Pine  {Pimut  palustris,  Pinus  ans- 
tralinf,  Pimts  riyida.  Natural  order  Coniferaj). 
— A  tree  growing  in  the  Soutliern  parts  of  the 
United    States,    and    valuable    for  engineers' 
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timber  structures,  because  of  its  large  dimen- 
sions, strength,  resinous  property^  and  straight 
giTiin,  A  cubic  foot  weighs  from  37  to  44  lb. 
It  is  more  durable  tliaii  ycUow  pine  in  situa- 
tions where  it  is  subject  to  alternate  wetness 
and  dryne&s,  but  it  mts  quickly  in  a  warm  moist 
atmosphere.     It  does  not  take  paint. 

Pit  Planing  Machines.— A  class  used 
principally  fnr  planing  armour  plates,  and  other 
pieces  of  great  weight.  The  problem  of  moving 
a  heavy  table  with  a  massive  plate  upon  it  is 
gob  over  by  fixing  the  work  in  a  pit,  between 
two  slide-ways,  along  which  the  uprights  and 
er*>fis-rail  carrying  the  tool-bo xes  traveL  The 
iloor  ai'ea  I'equired  by  the  machine  is  gi'eatly 
lessened,  because  there  is  no  eleamnce  wanted 
for  the  passage  of  a  table  at  each  end. 

Figs.  87  and  88  show  a  machine  by  Me^ssrs 
Sir  W,  G,  Armstrongs  Whitworth,  k  Co.,  Ltd., 
which  has  two  t^jol-boxes  on  the  niil^  each 
canying  two  tools.  The  travel  and  qtuck 
return  of  the  rail  and  its  uprights  are  effected 
by  large  screws  lying  within  each  slide-way. 


Fig,  88. — Pit  Planitig  Machine.     (End  Elevaduu.) 

In  these  figures,  a  a  are  the  uprights  carrying 
the  slide-ways  b  b,  o  is  the  cross-slide  carrying 
the  tool-box e-s  d  d,  e  is  the  motor  driving  the 
screws  f  p  for  the  travel  of  the  cross- rail, 
G  is  the  bed  to  which  deep  work  is  bolted,  o 
represents  a  series  of  cross-bars  adjustable  in 
i^gard  to  height,  operated  by  screws  J  .i  from  the 
motor  K  through  spur,  bevel,  and  worm  gears. 
A  turbine  casing  is  seen  outlined  in  Fig.  88, 
being  the  work  for  which  the  machine  was 
speeiallj  designed. 

Pits* — Thejae  have  to  be  provided  in  some 
shops,   as   foundnes,   machine  ahops,   erecting 
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shops.  In  the  foundries  they  are  used  for 
casting  deep  work,  in  machine  shops  in  front  of 
some  large  face  lathes^  shaping  and  drilling 
rnachineH,  to  receive  pieces  of  work  of  too  large 
diainetert  or  t<to  deep,  or  too  long  to  be  carried 
between  the  macliine  and  the  floor  level.  In 
the  erecting  shop  they  are  usetl  for  building 
over,  or  for  carrj^ing  out  tests  or  l>oth.  They 
are  lined  with  bricks  and  covered  temporarily 
^vith  loose  boairis,  or  chequered  plates  when  nt>t 
in  use. 

Pitting. — That  form  of  internal  eorrosion 
in  steam  boilers  in  which  holes,  or  patches  of 
holes  occur  on  the  plates.  It  is  due  to  chemi- 
cal action  caused  by  Tising  unsuitable  water. 

Pivot,  Pivot  Bearing.  —A  l>eanng  which 
sustains  the  end  vertical  lb  rust  of  a  turntnble, 
a  swing  bridge,  a  boring  machine  table^  and 
similar  structures.  A  pivot  may  be  long  and 
slender,  or  short  and  rigid.  A  convex  surface 
is  p Inferred  to  a  flat  one.  Tarntables  and 
swing  bridges  have  generally  a  convex  bearing, 
which  terminates  the  massive  casting  that  t^ke** 
the  load.  Tl]e  sagging  or  rocking  which  WiJuld 
result  from  this  fonij  is  taken  on  a  ring  of  live 
rollers.  In  a  boring  mill  tlie  weight  of  the 
table  is  carried  on  a  pivot  only  for  light  woi'k, 
but  on  an  annular  face  in  addition  for  heavv* 
turning  and  bt>ring.  *SV^  Boring"  Mill, 
Schiele's  Curve. 

Plain  Milling  Machine*  —  A  machine 
which  is  not  piovi<led  with  a  sw^ivel  table, 
spiral  head,  and  change  gears  for  cutting 
spiral  gears,  and  spiral  cutters.  Nearly  all 
machines  are  of  this  type,  almost  the  only 
exception  being  the  Universal  machine,  of 
pillar  and  knee  type.  With  the  exception  of 
the  addition  just  named,  the  Universal  and 
plain  inachiiies  are  built  on  nearly  identical 
models,  described  under  Universal  Milling 
Machines. 

Plane^ — Wood- workers'  planes  are  made  in 
various  forms  and  sizes,  but  the  principle  in 
all  is  to  secure  the  cutter  in  a  body  which 
limits  the  shaving  to  a  given  thickness,  and 
acts  as  a  guide  in  levelling  inequalities  on  the 
surface  of  the  wood.  There  are  three  planes  con- 
stantly used  for  ordinary  surface  work  j  the  Jack\ 
TnjiiKj^  and  Smoothing  planes.  Collectively 
they  ai-e  sometimes  called  bench  planes  because 
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they  lire  always  kept  on  the  benck,  whOe  others 
u^ied  fcH"  special  purpu^es  are  not  so  constaDtlj 
iranted,  atid  may  be  kept  in  a  tool  chest  or 
li rawer.  A  thin  atrip  of  wood  is  put  on  tlie 
bench  near  the  front  end,  and  the  fore  parts  of 
the  bench  planes  rest  on  tliis,  so  prG%^enting 
ill  jury  to  their  cutting  edges  by  contact  witli 
the  bench.  Pig.  89  is  a  section  throu*?h  the 
mouth  of  an  ordinary  double  -  ironed  plane, 
which  may  be  edther  of  the  thi-ee  kinds  just 
mentioned,  for  except  for  slight  diffei^nces  in 
w^idth,  and  way  of  giinding  the  irons,  the  mouths 
and  irons  are  all  alike,  A  back,  or  **t<jp''  iron  B 
is  screweii  on  the  face  of  the  cutting  iron  A  to 


Fig.  dO.— Section  through  Mcmth  of  Pt&iie. 

stiffleti  it,  to  minimise  tearing  tip  of  cross  grain, 
Aod  to  enable  it  to  cut  a  tiner  sltaving.  In 
jack  planes  kept  for  coarse  wijrk  the  back  iron 
is  sometimes  not  used.  In  all  planes  except  the 
jack,  trying,  and  sraotithi ng^  single  irons  only 
afi&  the  rule.  The  irons  lie  at  an  angle  of 
about  50"  vritJi  the  sfile  of  the  plane,  and  are 
put  in  with  the  gn^uod  angle  at  the  back,  c  is 
the  wedge.  In  some  small  iron  planes  with 
cutters  at  very  low  angles  the  reverse  position 
is  A<lopted. 

Tilt?  fii"8t  plane  uaed  on  a  piece  of  vvoikI  that 
t*  njugh^  untrue,  or  requires  a  considerable 
Hfuount  taken  off,  is  the  jack.  To  enable  it  to 
cut  thick  shavings,  its  iron  is  ground  witli  a 
cunniderable  amount  of  cum-ature^  so  that  a 
shaving  the  full  width  of  the  iron  may  be 
tit^^rly  |V  in.  thick  in  the  middle,  tapering  to 
nothing  at  tiie  edgies.  This,  of  course,  leayes  per- 
ceptible waves  or  ridges  on  the  surface  planed, 
ami  these  are  i^moved  by  the  trying  or  smotitb- 
liig  phuies,   whcee  irons   are  almost   straight, 


being  munded  slightly  up  at  the  cornei^  to 
prevent  their  digging  in  and  leaving  ridges. 
For  producing  true  surfaces  of  considerable  area 
the  trying  plane  \^  always  used  after  the  jack. 
Its  iron  is  wider  and  its  body  longer.  For 
planing  long  joints  a  plane  longer  than  the 
trying  is  sometiuies  used,  known  as  a  Jointer. 
The  smoothing  plane  is  very  short,  and  is  not 
intended  for  making  surfaces  true,  but  only 
for  cleaning  and  smoothing  them.  It  is  not 
used  at  all  where  truth  is  important.  The  jack 
and  trying  planes  are  provide<J  with  handles,  but 
the  body  of  the  smoothing  plane  is  grasped  in 
the  hands.  Jack,  trying,  and  smoothing  planes 
are  made  either  with  wood  or  metal  IkxHcs. 
The  latter  are  better,  but  their  extra  cijst  lias 
prevented  them  fixmi  coming  into  such  common 
use  as  the  wood  oneB.  Tlie  soles  of  wood  planes 
wear  and  i^uire  truing  up  occasionally.  They 
are  haiflened  by  applications  of  linseed  oiL 

With  tlie  exception  of  small  metal  planes,  of  » 
which  there  are  a  considerable  variety,  none  of 
the  other  kinds  of  plane  are  used  for  flat  sur- 
faces,  but  for  special  purposes,  such  as  groov- 
ing, rebating,  moulding.  The  Plough  is  a  plane 
often  required  for  ploughing  grooves  for  panels, 
or  for  tongues  in  edge  jousts.  It  has  a  set  of 
irons  of  dtilerent  widths,  aud  these  can  be  set  to 
cut  to  a  given  depth  and  distance  from  the  edge 
which  the  plane  works  a,gainst.  The  FiUut^r  \% 
a  slightly  different  plane  of  similar  character. 
The  Rebate  plane  has  an  iron  the  full  width  uf 
its  s*>le,  which  is  consequently  cut  couq>letely 
through  at  each  side  instead  of  enclosing  the 
iron  as  in  the  jack  and  other  planes,  llii-s 
enables  it  U>  plane  out  a  rebate,  or  work  against 
and  cut  right  up  to  a  shoulder.  Narrow*  planes 
with  rounding  soles  are  often  retjuired  for  plan- 
ing  hollows,  and  there  is  a  great  variety  of 
planes  for  mouldings.  These  have  their  soles 
and  irons  of  a  croaa  section  to  suit  definite 
contoui's,  Himple  hollows  can  be  planed  if 
necessary  by  a  plane  of  considerably  quicker 
sweep,  but  a  pliine  foi'  a  compound  moulding 
can  only  be  used  for  a  moulding  of  that  siste 
and  c4>ntour.  Mouldings  can  also  be  planed  in 
detail  by  using  sepai*ate  rebates,  and  hollow 
and  round-soled  planes,  and  marking  lines  tt* 
plane  by.  As  a  rule,  however,  such  work  is 
not  done  by  hand  at  aU. 
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Planer  Centres.— A^«e  Machine  Centres. 

Planet  Gear.— When  a  wheel  rotates, 
gearing  with  another  wheel,  and  its  axis  at 
the  same  time  describes  a  circular  path  the 
centre  of  which  coincides  with  the  centre  of 
the  other  wheel,  the  term  planet  motion,  or 
sun  and  planet  motion,  is  applied.  It  was 
adopted  by  Watt  to  convert  the  reciprocating 
motion  of  his  early  beam  engines  into  circular 
motion.  It  was  the  patenting  by  Pickard,  in 
1780,  of  the  application  of  the  crank  and  con- 
necting rod  to  the  turning  of  the  flywheel 
that  forestalled  Watt,  and  compelled  him  to 
adopt  the  various  planet  mechanisms  until  the 
patent  of  Pickard  expired. 

In  Watt's  patent,  1781,  a  toothed  wheel  fixed 
on  the  flywheel  shaft  was  rotated  by  a  planet 
wheel  fixed  on  the  end  of  the  connecting  rod.  A 
pin  at  the  back  of  the  latter  wheel  was  coerced 
by  a  groove  in  a  wheel  which  maintained  the 
toothed  gears  in  engagement,  and  so  turned 
the  flywheel  shaft.  If  the  wheels  have  equal 
numbers  of  teeth  then  the  planet  wheel  makes 
two  revolutions  for  each  stroke  of  the  engine. 
For  examples  of  other  planet  gears,  see  Hole 
Grinding  Machines,  and  Link  Grinding 
Machines. 

Planimeter. — An  instrument  invented  by 
Jacob  Amsler,  a  Swiss,  by  which  areas  of 
irregular  outlines  are  read  off  by  the  instrument 
itself  without  calculation.  There  are  several 
modified  forms,  fixed,  and  proportional,  the 
difference  being  that  the  first  is  designed  to 
read  to  one  scale  only,  while  in  the  second  the 
unit  of  measurement  can  be  changed  to  read 
in  square  inches,  square  centimetres,  or  deci- 
metres, and  in  scales  of  so  many  square  units 
to  one  square  inch.  The  planimeter  consists 
essentially  of  three  elements,  comprising  two 
bars  or  arms,  and  a  roller.  One  arm  has  a  pin 
or  pivot  by  which  the  arm  is  anchored.  This 
arm  is  jointed  at  the  other  end  to  the  body  of 
the  second  arm,  at  the  farther  end  of  which 
is  a  tracer  point  which  is  used  to  trace  over 
the  figure  to  be  measured.  In  moving  over 
the  boundary  of  the  figure,  it  makes  first  an 
**  upstroke"  then  a  " downs troke,"  following 
the  outline  clockwise,  and  returning  to  the 
point  from  which  it  started.  The  third  element, 
the  measuring  apparatus,  is  fixed  adjacent  to 
80 


the  jointing  of  the  two  arms,  and  comprises  a 
roller  reading  to  the  thousandth  part  of  its 
circumference,  being  divided  into  100  parts, 
and  having  a  vernier.  An  endless  screw  is 
cut  on  the  roller  axis,  and  engages  with  a  worm 
wheel  of  ten  teeth,  by  which  the  number  of 
revolutions  of  the  roller  is  recorded.  The  area 
of  the  swept  figure  is  not  measured  directly, 
for  that  is  what  the  instrument  is  designed  to 
avoid.  But  the  surface  swept  over  by  the  up- 
stroke, subtracted  from  that  swept  over  by 
the  downstroke,  gives  the  area  of  the  figure 
measured.  The  subtraction  is  effected  by  read- 
ing off  the  counting  wheel  and  index  roller 
before  starting,  and  again  at  the  termination, 
and  subtracting  the  first  reading  from  the 
last.  But  this  is  only  a  general  expression, 
since  the  estimation  is  modified  by  whether 
the  needle  point  is  outside  or  inside  the  figure 
traced,  or  whether  the  wheel  has  gone  through 
more  than  one  revolution  forwards  or  back- 
wards. 

Planing. — Metal, — The  removal  of  metal  by 
means  of  reciprocating  tools  with  single  cutting 
edges,  in  machines  with  horizontal,  or  vertical 
movements.  Generally  the  work  done  is  re- 
stricted to  absolutely  plane  surfaces,  though  in 
exceptional  cases  the  rectilinear  movements  of 
the  work  in  one  direction  are  combined  with 
curvilinear  movements  in  a  direction  at  right 
angles  therewith.  The  work  of  planing,  though 
dependent  to  some  extent  on  the  type  of 
machine  used,  embodies  essentially  two  im- 
portant matters — the  proper  fixing  of  the  work, 
and  the  most  suitable  method  of  cutting. 

Fixing  and  Clamping. — ^Two  principal  cases 
exist,  with  infinite  gradations  between,  that  of 
heavy,  and  that  of  light,  flimsy  work,  and  the 
methods  of  securing  each  to  work  tables  vary 
accordingly.  In  the  first  there  is  no  risk  of 
springing,  but  in  the  second,  direct  clamping  in 
opposition  to  the  table  will  spring  a  slight 
elastic  piece  unless  the  lower  face  has  been 
already  made  true.  In  such  cases,  the  clamps 
must  be  tightened  in  opposition  to  packing 
pieces,  such  as  thin  strips  or  wedges,  or  the 
pressure  must  be  made  laterally,  the  choice 
depending  on  the  nature  of  the  piece  of  work. 
Moreover,  the  clamps  have  to  fulfil  two 
functions,  one  the  holding,  the  other  that  of 
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affording  reiUtanc^  t4>  ttie  cut  of  the  touU 
In  maoj  caaes,  generally  io  all  heavy  work,  the 
two  are  eonibmed  io  one  and  the  same  indi- 
vidual clamps.  But  in  the  lighter  articles  that 
are  liable  to  spring,  it  is  often  better  to  clamp 
tightly,  and  to  provide  something  else  to  reaiHt 
end  pre^uj^.  Thugj  bars  or  plates  are  bolted 
to  the  table  in  front  of  the  work,  or  are  pinched 
latertklly  against  it^  or  the  thrust  is  often  taken 
by  a  common  angle  plate  bolted  to  the  table. 
When  the  riiik  of  springing  is  great,  as  in  some 
thin  pieces  of  work  of  large  area^  it  is  good 
practice,  after  having  taken  a  roughing  cut,  to 
relieve  the  pressure  by  slackening  the  clamps 
and  tightening  them  again  with  less  force »  or 
by  repacking  before  tighteniug,  if  the  surface 
Is  found  to  have  sprung  out  of  level. 

The  level  tables  of  the  planing  inachinetJ  are 
mofit  valuable  aids  to  setting  work  by-  Scrib* 
11^  blocks^  squares,  and  various  gauges  are 
mdily  worked  from  its  face,  giving  facilities 
for  setting  parallel  and  sqaare.  The  top  of  a 
pit^ce  of  work  ijj  commonly  levelled  by  the 
ttirtied<iown  end  of  the  scriber,  moved  aerosa 
its  £af3et  ^^  base  sliding  o%'er  the  table,  or  over 
a  pandlel  strip  laid  upon  the  table  if  the  height 
of  the  sc fiber  is  insufficient.  Bottom  faces  can 
be  j^imilarly  levelled.  Horizon tai  centi'es  and 
oenU^  lines  are  tested  with  the  point  of  the 
aurface  gauge.  Burfaces  are  also  tested  by  a 
atraightadga  and  the  insertion  of  a  caliper,  or 
a  thicknass  piece,  or  a  rod  gauge  between  the 
lower  edge  of  the  straightedge  and  the  table. 
VerticAl  facea  are  checked  with  a  square. 

^flie  angle  plate  is  a  valuable  adjunct  to  the 
platlir,  not  only  as  an  abutment,  but  for  bolting 
mvkwmrdly  shaped  pieces  against,  which  could 
not  be  attached  to  the  table  without  invoHing 
packings.  It  is  as  valuable  on  the  planer  as 
on  the  lathe,  and  for  the  same  reasons. 

8hort  pieces  of  work  are  done  either  on 
planer,  or  shapes  It  is  not  desirable  to  put 
sifiaU  single  articles  on  the  planer,  but  where 
A  number  can  be  arranged  in  line^  the  planer 
affords  the  greater  economies.  The  methods  of 
att^achnient  must  vary  with  the  class  of  work. 
Sicne  piece**  ai-e  bolted  directly  to  the  table, 
otlirrfi  to  an  angle  plate  p 

Meihiidjt  ^  Cutting. — The  ordinary  straight- 
fumrard    toob    are    mostly    used   for   planing 
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operations,  the  side-cutting  tools  of  the  turner 
being  in  little  request  for  upper  surfaces.  But 
these  are  employed  much  when  aide-cutting 
and  under-cutting  have  to  be  done-,  involving 
vertical  and  angular  faces.  The  amount  of 
cranking  nece^ssary  may  be  considerable  when 
the  cutting  has  to  be  done  from  the  tfxjl  box 
on  the  cross-rail.  The  tool  boxes  on  housings 
are  more  advantageous  for  side-cutting*  If 
these  are  not  present,  it  may  be  necessary  in 
deep  work  to  reset  it  in  order  to  bring  the 
side  or  sides  uppermost. 

Tlie  distinction  between  roughing  and  finish- 
ing has  to  be  made.  Only  in  the  commoner 
classes  of  work,  such  as  fitting  braeketa  to 
facings,  is  a  single  rough  cut  suMcient*  It  is 
not  enough  for  faces  which  have  to  move  over 
one  another^  nor  for  those  in  winch  the  demands 
of  fitting  have  to  be  accurate  within  fine  limits. 
The  majority  of  planed  surfaces  therefore  re- 
quire a  finishing  cut  following  the  roughing, 
and  for  the  best  results  three  cuts  are  often 
desirable,  because  much  work  is  liable  to  spring 
and  alter  in  shape  on  the  removal  of  the  skin 
by  roughing,  and  the  finishing  cut  alone  is  not 
then  sufficient  for  fine  correction. 

Tlie  depth  of  cut,  and  lateral  feed,  and  speed 
are  subject  to  great  differences,  not  only  in 
respect  of  different  metals  and  alloys,  but 
practice  has  been  changed  due  to  the  advent 
of  the  high-speed  steels.  There  is  no  advantage 
in  giving  approximate  figures,  as  these  vary 
with  difierences  in  texture,  hardness,  or  soft- 
ness, light  or  heavy  pieces,  the  amount  of  over- 
hang of  the  tool,  and  so  on.  As  with  turned 
work,  tlie  roughing  and  finishing  cuts  are 
radically  different.  Deep  cuts  and  modemte 
feeds  arc  adopted  for  roughing,  and  very  shallow 
cuts  and  broad  feeds  for  finishing.  The  planer 
is  not  properly  adapted  for  any  cutting  but 
that  on  an  exposed  surface.  All  undercutting 
is  more  or  less  troublesome^  but  much  of  it  baa 
to  be  done.  Sometimes  special  ci-anked  tool 
bars  are  used,  clamped  in  the  tool  box,  and 
standing  out,  a  dodge  used  in  planing  keyways 
in  bores. 

A  feature  of  planing  is  that  the  cut  must 

terminate  at  the  moment   of   reversal.      This 

makes  it  impossible  to  plane  up  to  a  shoulder. 

Tlie  tool  must  be  allowed  a  little  freedom  of 
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travel,  of  from  \  in,  to  |  in.  beyond  the  end 
of  tlie  surface  to  be  planed.  A  groove  has 
therefore  to  be  eut  auross,  or  a  hole  drilled  if 
a  narrow  cut,  such  as  that  for  a  gi^wve,  is 
taken.  Most  pieces  of  work  permit  of  letting 
the  tool  travel  beyon<l  the  end.  If  a  horizontal 
and  vertical  face  adjacent  have  to  he  t^K>led 
then  the  work  must  be  tuined  and  reset  with 
the  vertical  face  longitudinally  on  the  table. 

One  of  the  most  useful  adjuncts  to  the  planer 
is  the  Machine  Vic%  of  which  thei-e  are 
several  designs.  In  all  the  be.^itj  provision  m 
made  for  exercising  a  downward  thrust,  to  bed 
the  work  down,  at  the  same  time  that  clamping 
it  in  the  jaws  is  effected.  Some  vices  have 
swivel  jaws  to  clamp  pieces  that  are  not 
parallel  A  tilting  table  ia  often  used  to  hold 
pieces  of  work  with  faces  that  have  to  be 
t^x)led  at  definite  angles.  In  the  most  com- 
plete designs  gi-ad  nations  into  degi'ees  are  made, 
and  the  table  rests  on  supports  when  in  the 
horizontal  position.  Planer  centres  of  various 
kinds  are  used  for  setting  pieces  for  angular 
work.  The  latter  is  carried  between  the  points 
of  the  centres  and  set  wifch  an  index  pin  in 
suitable  holes,  Vee  Blocks  of  various  kinds 
are  used  by  tlie  planer  hand  fur  supporting 
circular  work,  as  shafts,  bossed  portions  of 
castings  and  forgings.  Numerous  forms  of 
clamps  are  used  for  holding  down  the  work  on 
the  bltjcks.  Packings  are  used  for  car-rying 
pieces  clear  of  the  table.  They  are  thin  or 
thick,  of  various  depths  to  aff<ird  support  at 
different  heights.  In  some  cases  wedge  pack- 
ings are  used,  and  they  are  so  me  timers  graduated 
down  tbe  edges  to  indicate  the  vertical  height 
of  the  adjustments. 

Planinif — -Wood. — Wix^d  is  planed  both  to 
make  its  surface  smooth,  clean,  and  true,  and 
to  reduce  it  to  a  given  thickness.  Ordinarily 
one  side  ia  first  planed  true,  and  the  required 
thickness  gauge-marked  with  a  gauge  working 
from  tbe  trued  face,  and  then  the  other  side 
is  reduced  to  tlie  gauge  lines.  Edges  and  ends 
ore  planed  square  with  these  faces  by  testing 
with  a  try  square*  In  this  case  also  one  edge 
and  end  are  first  .squared  and  then  the  required 
width  and  length  gauged  or  measured  from 
them.  If  the  finished  sizes  are  defi^nitely  fixed, 
a  piece  of  wood  must  be  selected  and  sawn 
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large  enough  to  hold  up  to  those  dimensions 
when  reduced  by  planing  and  squaring  up  accu- 
ral tely.  A  waqied  piece  of  wood  requires  mom 
allow^ance  for  tins  than  a  piece  comparatively 
true,  which  merely  requires  cleaning  up  and 
the  removal  of  the  roughly  sawn  sui-face.  Very 
thin  and  wide  pieces  i*f  boai'd  curve  so  easily 
that  they  can  rarely  be  planed  true  on  one  side 
and  gauged  to  thickness,  but  must  simply  have 
their  rough  skin  removed  and  be  kept  straight 
and  flat  by  their  attachment  to  stifle r  parts  of 
the  work  they  are  used  for.  Thicker  pieces 
that  ai^  curved  and  warped  may  often  have 
some  of  their  inaccuracy  removed  by  keeping 
them  forcibly  bent  the  opposite  w^ay  for  several 
hours  or  days,  and  exposing  a  convex  face  to 
the  air  or  fire,  and  damping  a  hollow  face. 

In  planing,  the  front  edge  of  the  wood 
presses  against  the  bench  stop,  and  the  plane 
is  pushed  over  its  surface  in  strokes  as  long  as 
the  arm  can  conveniently  make,  generally  with 
more  or  less  downward  prassure  on  the  plane^ 
If  it  is  mereiy  a  case  of  removing  a  rough  skin, 
the  thickness  of  one  shaving  is  taken  off  uni- 
formly all  over  the  aurface.  If  some  par^ 
stand  higher  and  require  reducing  more  than 
others  an  increased  number  of  sh livings  are 
taken  off  accordingly.  The  surface  is  tested 
first  by  the  eye  and  after  with  straightedges, 
or  winding  strips  if  the  length  is  great.  With 
one  face  and  edge  planed  true  and  square  with 
each  other,  the  i-emaindcr  can  be  done  by  work- 
ing to  lines  gauged  or  mejisured  fixnn  these. 
Tlie  plane  is  usually  worketl  in  the  direction 
of  the  grain.  When  used  transversely  or 
diagonally,  and  especially  when  used  on  end 
grain,  precautions  must  be  taken  to  prevent 
the  cutter  from  splitting  the  wood  away  at  the 
farther  edge.  Tlus  is  usually  done  by  bevelling 
the  edge  down  to  or  a  little  below  the  level 
the  surface  is  to  be  reduced  to,  and  using  the 
plane  carefully  at  the  finish. 

Planing  Machines.  —  For  Meifd^  —  The 
planer  is  one  of  the  oldest  machine  tools,  follow- 
ing tbe  drill  and  the  lathe.  It  was  invented  by 
Roberts  about  1820,  and  the  original  machinei 
"v^ith  chain-driven  table,  may  be  seen  in  the 
South  Kensington  Museum.  Fox  and  Clement 
divide  the  honours  with  Murray  and  Uoberta, 
1814-1820,     The  chain  gave  place  to  tbe  luck 
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drivey  alternatively  made  sfjuare,  or  as  a  stepped 
gear,  or  a  helical  gear.  Later^  the  long  screw 
working  m  nuts,  and  the  worm  working  in  a 
rack  have  divided  favour  witb  common  rack 
inovetneDts,  but  the  latter  ib  still  retained  on 
by  far  the  largest  umnljt?r  of  machines  made. 

TJie  elemenU  of  the  planer  are  the  following. 
The  bed,  made  of  box  section,  with  box  cross- 
girt^  and  having  either  Hat,  or  vee*d  ways  for 
tile  table  on  which  the  work  is  earned  to  slide 
Along.  Both  designs  of  ways  have  their 
ad¥oait€aiSy  and  both  are  made  in  about  equal 
Qumbers,  and  theoretic^  objectionn  to  each 
have  no  weight  in  practice.  The  ttible  must 
\m  massive  in  order  to  avoid  risk  of  lifting 
undex  heavy  cutting.  Where  vet^  are  used 
they  mnat  be  sufficiently  steep  to  avoid  side  slip 
of  the  ta-ble.  Lubrication  18  provided  by 
wooden  roUens  floating  in  oil  bath^  in  the  bed. 

The  cross-raiJ  on  which  the  ti^^I  l>ox  is  caiTied 
And  fed  horizontally  has  vertical  adjustment 
on  the  uprights,  termed  houjfin^s,  which  stand 
Qtat  beyond  the  sides  of  the  bed  sufficiently  tt> 
leave  the  full  width  of  the  table  available  for 
carrying  work.  The  cJi-pacity  of  a  planer  is 
given  as  the  leaigth  of  stn>ke  of  table,  the 
width  carried  between  the  housings,  and  the 
height  from  the  table  to  the  under  side  of  the 
cnua-imih  The  housings  are  bolted  against 
wingH  on  the  sides  of  the  bed,  or  on  top  of 
them.  What  is  termed  the  parabolic  form  of 
bousing  is  C4>mnnjnly  adopted.  The  cn>ss  rail 
is  adjusted  vertically  on  the  facings  of  the 
housings  by  means  of  screws  actuated  by  bevel 
^ears  at  the  top.  In  the  larger  machines  these 
AI9  actuated  by  belt  power.  The  housings  are 
tied  t<^iher  at  the  top  mth  a  cross- bar,  which 
is  often  curved  backwards  to  allow  the  haud- 
wheek  of  tlie  t^HiI  btsxes  to  clear  when  the  cross- 
mi]  m  at  h^  maximum  height.  The  cross- rail 
hati  nu  feed,  but  the  down  feed  is  imparted  to  the 
tool -holder  slide,  and  the  trans  vei'se  feed  to  the 
tool  btM£  bodily.  The  feed  is  derivetl  from  the 
rei^atnalB  of  the  table,  through  tappets  adjustable 
aloog  one  edge  of  the  table^  and  the  tappets  also 
CJtuae  the  reversal  of  the  table  to  take  place. 
The  driving  and  reversal  of  the  table  was 
formerly  always  done  by  netila  of  j^ears,  usually 
lying  within  the  bed^  the  last  pinion  which 
drives  the  rack  being  of  small  size.     Improved 


methfxis  of  driving,  using  a  lar^e  rack  wheel, 
and  with  reversing  gears  outside  the  bed,  are 
becoming  common.  Tool  lx>xea  are  carrietl  on 
the  ci-oss-rail,  one,  twcs,  or  sometimes  three  in 
number,  and  in  many  machines  one  on  each  of 
the  housings.  These  are  actuated  by  a  feed 
screw  which  impart^!?  the  linear  traverse  feed  of 
the  box  bodily,  the  sci'ew  working  in  a  nut  at 
the  back  of  the  saddle  or  carriage,  and  V>y  a 
splined  feed  rod  wliich  actuates  the  down- 
cutting  feed  through  bevel  gears.  In  all  b<»xes 
the  tool  holder  has  provision  for  setting  to  a 
few  degrees  on  each  side  of  the  perpendicular,  to 
permit  down^'utting  on  the  deep  sides  of  work, 
witJiout  which  canting  the  tool  box  would  not 
clear  the  sides  being  cut. 

The  driving  mechanism  varies  much  in 
different  machines.  The  older  device  was  a 
loose  centra]  pulley  flanked  by  the  pulleys  for 
driving  and  return,  and  actuated  by  a  single 
belt  always  running  in  one  direction,  aud 
thrown  over  on  the  outer  pulleys  in  turn,  the 
outer  pulleys  haviug  twice  the  width  of  the 
middle  one.  A  better  design  provides  distinct 
sets  of  fast  and  hjose  pulleys  for  driving,  and 
for  returning,  the  latter  being  the  smaller  of  th« 
two.  The  rack  may  be  retained,  or  a  sci'ew 
drive  substituted.  Generally  the  pulleys  are 
on  one  side  of  the  machine,  except  when  a 
screw  is  used,  in  which  case  they  are  placed 
at  the  rear  end.  Frum  this  broad  design  of 
planer  a  large  number  of  variations  have  been 
made,  most  of  which  are  described  elsewhere, 
iSee  Open-Side,  Plate-Edge,  Pit,  Side,  and 
Vertical  Planing  Machines,  res|iectively. 
Alsij  Quick  Return,  and  Tool  Boxes. 

The  principal  diiferencea  in  the  older  and 
the  present-day  machines  are :  heavier  fraraingSi 
with  more  economical  distribution  of  metal ; 
accelerated  rates  for  cutting,  and  higher  ratios 
of  quick  return  ;  cushioning  de\ices  for  avoiding 
shock  at  the  moment  of  reversal;  improved 
mechanical  devices  for  belt  shifting;  better 
an-ongementii  for  putting  on  and  reguhiting  the 
feeds ;  impro%^ed  tool  boxes ;  and  the  increased 
use  of  double-cutting  tool  boxes.  Lastly,  the 
growth  of  new  kinds  of  niachines  of  special 
designs  adaptcfl  Uj  \'arious  kinds  of  work. 

Fig.  90  illustrates  a  high-class  planer  by 
OunliiFe  ik   Croom,   Ltd.     It   is  characterised 
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hy  a  departure  from  the  cornition  type  of 
machine  in  which  the  gears  for  quick  return 
mx%  6nelo;<»ed  within  the  bed,  and  which  are 
elmmy  in  their  operation,  and  in  which  the  belt 
is  shifted  over  the  loose  pulley  for  reversal 
acrofis  a  distance  equal  to  twice  its  width. 
This  involves  waste  of  tim©j  and  of  power, 
and  is  noiay* 

In  the  machine  shown  there  are  two 
belts^  and  two  pairs  of  pulleys,  fast  and 
kioee;  A  for  the  cutting  sti*oke,  b  for 
quiok  return.  In  this  particular  example 
the  cutting  speed  is  21  ft.  per  minute, 
and  the  return  67  ft.  per  minute.  But 
the  latter  can  be  increased  by  substituting 
a  pulley  of  a  different  size  to  that  fur- 
niahed  for  the  countershaft.  The  pulley 
ahaft  goes  through  the  bed,  and  carrie.<;  a 
pinion  at  its  opposite  end  driving  a  large 
wheel  c  on  a  shaft  D,  which  has  at  its 
otlier  end  a  pinion  engag^ing  a  large  wheel 
K,  which  gears  with  the  rack  F  on  the 
bottom  face  of  the  table.  The  use  of  a 
laz^  rack  wheel  instead  of  the  small 
|)imon  formerly  universal  is  an  important 
feature  in  st^^ady  drimig,  avoiduig  nsk 
of  lifting  the  table,  and  lessening  chatter, 
bemuse  more  teeth  are  in  action  at  one 
time^  The  American  machinists  term 
this  the  h^dl  wheel. 

The  striking  gear  is  a  feature  that 
diflen  from  the  older  types.  It  is  shown 
in  Figs.  90  and  91,  The  tappets  o,  o  on 
the  edge  of  the  table  strike  over  the  lever 
H  in  opposite  directions.  The  various 
lever  connections  seen  impart  a  linear 
movement  to  the  plate  k,  the  movement 
bein^  controlled  by  two  slots  which  slide 
€>v«r  stnd  bolt&  in  the  cj^ting  which 
carma  Uie  pulley  b^^rings,  Tlie  plate  k 
has  a  cam  groove  which  coerces  the  pins 
of  the  ^era  that  opei^ate  the  two  belts. 
A  i?ie*y  slight  movement  in  the  slot 
amffices  to  shift  the  belt  fork  ends  i*,  i^  by 
the  amount  required  for  tlirowing  over  the 
beltfl. 

The  feeds  are  derived  from  the  driving  shaft. 
The  feed  disc  m  is  keyetl  on  the  shaft  at  the 
oppoflita  end  to  the  wheel  c.  The  amount  of 
feed  is  regulated  by  the  adjustment  Kif  the  pin 


of  the  operating  lever  N  across  the  disc  from 
zero  to  1-V  in*  in  both  directions.  Tlie  drive 
takes  place  to  a  rack  bar  o  which  is  coniiecte^l 
to  the  feed  gears  on  the  end  of  the  cross  slide. 
The  rack  drives  a  pinion  on  the  same  shaft 
as  the  wheel  f<  and  the  latter  drives  either 


Fig*  ?H* — Striking  Gear  of  Pliming  Machine- 
to  the  screw  Q  for  the  cross  traverse  feed,  or  to 
the  splined  sliaft  K  for  vertical  fee<i  Pinions 
of  equal  size  are  used  for  both.  The  feed  takes 
place  from  the  pinion  to  a  ratchet  wheel  which 
actuates  a  spring  pawl  that  imparts  a  partial 
ri>tation  to  the  loose  wheel  p,  i^  hich  tlien  feeds 
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either  the  screw  or  the  spHned  shaft.  The 
feed  disc  n  is  shown  enlarged  in  Fig.  92.  It 
acts  by  the  f rtcttcm  of  a  leather  disc  hetween 


Fig.  92.— Ftsed  Disc  cif  Pkning 
Machine. 


apposite  faces.  It  slips  on  reversal.  When  i-e- 
versed  by  the  rack  its  boms  strike  the  stop,  and 
so  slip.  The  driv'ing  phiion  on  the  shaft  D^  Fig. 
90j  is  carried  on  the  shaft  lettered  c  in  Fig. 
92,  to  which  the  disc  d  is  keyed.  The  boss 
of  d  is  encircled  by  the  boss  of  the  body  e 
of  the  feefl  disc,  on  wliich  it  runs  freely. 
The  disc  g   is   pinched  uL^idnst  e  with   four 


at  one  ^ni\.  At  the  other  end  it  is  pivoted  an 
the  shaft  v  on  whieh  the  driving  and  i^evei^^ing 
pulleys  are  attaclied.  The  lever  v  carries  an 
extension  w  of  quadrant  form, 
in  the  slot  of  which  the  lever 
T  can  be  clamped,  so  sliding 
the  striking  plate  k.  It  is 
obvious,  therefore,  that  the 
operation  of  the  striking  le\^er 
is  unaffected  by  adjustments 
in  the  angle  of  the  striking 
levers.  The  bracket  x  which 
carries  these  is  pivoted  around 
Y  and  is  clamped  by  its  bolts 
in  a  slot. 

Cn^h  ioning  Devices* — The 
Smith  k  Coventry  method 
is  shown  in  Fig.  93.  The 
driving  shaft  A  is  driven  by 
the  wheel  b  which  runs  lrx>seiy 
on  it,  but  which  is  driven  Irom  a  clutch  E, 
feather-keyed  to  the  shaft  ;  and  being  slid 
thereon,  is  engagetl  with  or  disco nneet-efl  fnjm 
a  clutch  F  which  is  secured  to  the 
loose  wheel  b.  At  the  back  of  k 
there  is  a  strong  coiled  spring 
which  is  in  contact  with  E  on  one 
side,  and  yriXh  a  nut  D  at  the  other. 
When  the  clutches  E  and  f  are 
forced  apart,  the  spring  is  com- 
pressed»  and  the  spur  wheel  drives 


set-screws,  leaving  a  space  between  g  and  e 
which  allows  of  regulating  the  degi^ee  of 
friction  between  the  faces  of  d  and  n  and 
the  leather  washer  K 

Another  feature  of  this  machine  is  the  pro- 
vision for  bringing  the  driving  belt  on  at  an 
angle.  A  lug  standing  out  from  the  side 
receives  the  fork  of  the  lever  s,  Fig.  91,  and  s 
IB  connected  with  the  lever  t,  which  is  pivoted 
to  the  lever  u  attached  to  the  striking  plate  k 
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Fig*  il3. — Ciif^lii oiling  Device  for  Planing 
Machine.     ^  Smith  &  Coventiy,  LtiL) 


against  the  resistance  of  the  shaft, 
and  as  though  it  were  keyed  di- 
rectly on  the  shaft.  But  it  does  so 
through  the  coiled  spring  which 
absorbs  any  shocks  that  arise,  due 
to  cutting  metal  of  varying  quali- 
ties. The  principal  point  is^  that 
at  the  termination  of  a  cutting  stroke,  when 
reversal  takes  place,  and  the  wheel  is  not  driv- 
ing for  an  instant,  the  spring,  by  forcing  the 
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s]idiii«r  clut^li  E  against  Win  clutch  F  on  the  wheel,  startjj 
dri^niig  the  oluteh  in  the  direction  for  return.  Tlie  spring 
thus  acts  as  a  buffer  at  the  moment  of  greatest  Bti'es%  ami 
aasii^ti  the  reverse* 

The  eudiioning  arrangement  of  the  Batatnan  planers  i.s 
shown  in  Fig.  04,  The  baSer  action  takes  place  in  opposition 
lo  the  driving  rack  wheeL  The  rack  is  not  lK>lteil  to  the 
tftble  in  the  usual  way,  but  slides  in  grooves,  and  has  ity 
movements  controlled  by  sets  of  springs  at  ^ii^h  end  of  the 
nu^k.  The  rack  k  in  Fig*  94  is  connected  through  a  cross- 
bc^^f  B  at  one  end,  and  spring  rods  c,  c  to  the  sprbigs  i>,  D, 
and  K,  £.  The  springs  d  receive  and  absorb  the  shock 
wben  the  table  is  reversed  at  the  end  of  the  cutting  stroke, 
and  the  springs  E  receive  it  when  the  table  comes  to  the 
end  of  its  return  stroke,  f,  f  are  the  spring  rod  guides, 
and  serve  as  abutmenti*  for  the  springs  D,  D*  The  lug«? 
G,  o  form  abutments  for  the  springs  E,  E.  The  degrpe  of 
eompres^on  of  the  springs  E,  E  is  adjusted  by  the  Kei'ewed 
aleeves  j,  J. 

Fig,  95,  Plate  VII.,  shows  a  Bateman  planer,  arranged  for 
motor  drive,  the  motor  being  mounted  above  and  between 
the  housings.  Its  spindle  drives  directly  to  the  small  and 
large  pulleys  at  opposite  ends,  giving  the  belt  drives  do\^^i  to 
the  pulleys  at  either  side  of  the  bed,  for  cut  and  return.  In 
the  belt-driven  m?*chines,  in  which  the  place  of  the  motor  in 
Fig,  95  \&  oc^^upied  by  fast  and  kM>se  pulleys,  a  change-speed 
mecbamsn)  is  included,  comprising  sliding  spur  gears  by  which 
three  rates  of  20  a,,  60  ft,  and  80  ft.  are  obtained.  This  is 
rathej'  unusualj  as  yet,  in  planers,  the  single-speed  being 
generally  deemed  sufficient*  When  a  motor  is  employed. 
Fig.  y5,  it  IS  of  variable  speed  type,  giving  also  three  rates. 
The  foll*>wing  table  gives  [larticulars  of  speeds  obtained  on 
the  Bateman  planei*s.  The  term  **  cycle  "  means  one  cut,  and 
one  return  of  table,  so  that  the  time  of  a  cycle  equals  time 
of  cut  and  of  return  added  together. 


1 

Time 

Feet 

1 
Mwn  Speed 

Si»  M  Pl^er. 

Stroh«.     of  10 

Id  10 

(Ft.  per 

Cjrel««. 

Oj-cJe* 

Mm.). 

Ft.     U^.  iit«i    B#i. 

rf.(crM. 

Cot      R4Bi.    1 

V^%       EH. 

«4in.  ^tMifi.  *6ft. 

6  34     I      « 

126 

Ill 

80    tSo 

78     210 

«Witii3-*pecagc**r  ' 
box  for  cut)        -     ] 

13  0,60 

2'W> 

40 

20     175 

2<i    \m 

12  0  1  3  34 

240 

m 

40     175 

40     160 

12  0     1  m 

^m 

87 

m    175 

60     160 

1  l^in,  x42ia.  x2(Ht, 

22  «  S  0  39 

450 

68 

45     145 

44^  141 

1  42m.x42iix-xUft, 

14  0 

3  56 

^*0 

71 

50     155 

48     147 

101  in.  X  60  ia.  x  P2  ft. 

13  0 

4    8 

280 

m 

42^  140 

42     127 

1 

Tbe  Bateman  style  of  belt  fork  drive  is  shown  in  Fig.  96. 
The  fi»rk  njllera  between  which  the  l>elt  runs  are  shown  at 
At  A.    The  forks  are  attached  to  the  sliding  bar  H,  and  actuated 
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by  the  lever  c.  The  full  and  dotted  outlines 
indicate  the  two  extreme  positions.  The  cam 
roller  which  actoates  the  sliding  bar  b,  receives 
the  TOlIer  fitting  in  the  cam  slot  in  the  plate  d^ 


and  actuated  by  a  tumbler  at  the  side  af  Uie 
bed.  The  reversing  lever  c  is  doubl&^endeci 
It  is  prolonged  at  the  hinder  end  of  its*  pivmt^ 
and  actuates  through  a  spring  rod  the  lever  B^ 
which  is  keyed  on  the  upper  end  of  a  vertical 
shaft  F.  This  lever  E  actuates  a  friction  chitch 
which  connects  the  loose  pulley  H,  made  heavy 
t<>  serve  as  a  flyT**heel,  with  the  fast  pulley  J. 
Teetli  cut  in  the  lower  end  of  the  shaft  i 
engage  with  teeth  cut  in  the  aleeve  o  wliich 
slides  on  the  driving  shaft  without  rotatioti. 
A  ring  entering  a  groove  turned  in  the  horn 
of  the  fast  puUey  H  forms  this  eonnectioiL 
The  slight  I'otational  movement  given  to  the 
shaft  F  sufiices  to  make  or  break  fric  tie  rial 
contact  between  the  fiulleya  H  and  J»  whic 
made  to  occur  simultaneously  with  the  revi 
of  the  table.     Tiie  beJt  is  wider  than  the  width 


Fig.  ft8,— Belt  Fork  Drive  fi>r  Pinning  Machine. 


the  linear  motion  of  which  in  ita  guidea  shifta 

the  roller  and  thrown  over  the  lever  o  and  the 
Imr  n.     The  linear  motion  of  the  cAm  plate  n  is 
received  from  levers  and  links  seen  in  the  views, 
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of  the  fast  pulley  J,  and  thei 
the  loose  pulley  u,  sn  receiv 
some  of  the  energy  whit 
flyiA^heel  pulley  at  the  m 
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return  rate  of  travel  of  310  ft.  to  230  ft,  per 
minute  is  obtiiiiiable  by  meatia  of  the  aliditig 
rack  and  flywheel  friction  clutch  arrangements* 
Formerly  planers  were  only  constructed  t<j 
have  one  speed  of  cuttings  and  this  had  to  he 
employee]  for  all  metals  and  alloys*  Seyeral 
mac'hines    are    now    made    with    a    range    y£ 

Tiiol  Box. — The  ordinary  planer  tool  box  is 
built  in  nearly  uniform  designs*  The  hack  or 
saddle  slides  along  the  crosa-rail  and  carries  on 
its  face  a  swi%^el  plate,  capable  of  swivelling 
and  being  bolted  through  a  large  angle^  and  on 
wliich  the  tool  slide  is  moved  along  vce^d  edges 
by  the  feed  screw.  The  actual  tool  holder  is 
hinged  to  this  slide,  the  clapper  allowing  the 
tool  tti  lift  on  the  return  stroke.  The  feeding 
of  the  screw  is  unaffected  by  alterations  in  the 
angular  position  of  the  tool  Ixix,  becauat"  the 
bevel  gears  through  which  the  motion  is  trans- 
mitted are  attached  to  a  sleeve,  around  which 
the  tool  hijx  swivels.  Tliese  are  driven  by 
the  bevel  vrheel  which  is  key-grooved  to  the 
feed  shaft,  travelling  with  the  tool  lx)x  as  the 
latter  is  driven  by  the  feed  screw  that  runs 
palpal  lei  with  the  feed  rod,  TJie  bevel  wheel  on 
the  feed  sci'ew  of  the  tc»ol  }x>x  is  thus  moved 
vertically  and  at  a  rate  determined  by  the 
setting  of  the  feed  by  ratchet  or  feed  disc. 

Double  VuUinff.  —  Tlie  disadvantages  inci- 
dental to  the  non-cutting  return  stroke  are 
partly  overcome  by  the  method  of  double 
cuttingj  or  by  the  acceleration  of  the  return 
atroke,  the  latter  of  coui*se  being  only  done 
when  the  single^utting  tool  box  is  retained. 
As  a  rule  the  acceleration  method  is  embocbed 
in  modern  planers,  hut  nevertheless  a  fair 
number  of  machines  are  fitted  with  mechanism 
for  cutting  on  Ixith  strokes*  In  the  original 
of  these,  the  Whitworth  "Jim  Crow/'  a  single 
tool  is  carried  in  a  rotating  holder,  antl  is 
turned  round  through  1 80"  after  each  cut*  In 
the  later  typesi  two  tools  are  used,  set  btick  to 
back,  and  carried  in  a  tilting  tool  box,  which, 
bringing  either  tool  into  action,  lifts  the  other 
clear  of  the  surface  of  the  work* 

An  electrically-driven  planer  by  Measrs  Sir 
W.  G*  Armstrong,  Whitworth,  k  Co.,  I*td., 
driven  by  a  :10  HP.  reversible  motor,  by  Messrs 
Vickeiii,  Sons,  tfe  Maxim,  Ltd.,  is  shown  in 
90 


Fig.  97.  It  is  of  large  dimensions,  taking 
12  ft.  X  6  ft.  X  6  ft.,  and  is  therefore  attached 
directly  to  its  foundations  without  feet.  The 
bed  A  has  flat  ways,  with  a  take*up  strip  a, 
Tlie  housings  b,  b  are  bolted  to  the  sides  of  the 
Ijed,  and  pulled  down  with  a  key  h.  There  are 
four  tuol  boxes,  two  on  the  cross-rail  c,  and 
one  on  each  housing.  The  cross-rail  is  elevated 
by  the  screws  d,  d,  actuated  through  the  bevel 
gears  E,  E,  from  the  motor  p  on  the  top 
stretcher,  the  speed  being  reduced  through 
gears  ri.  Hand-elevating  gear  is  conne<?ted  up 
frt>m  H.  c,  c  are  the  two  longitudinal  feed 
screws  to  the  two  tool  boxes,  and  d  the  down- 
feed  rod  common  to  both.  Tliese  are  actuated 
by  the  vertical  feed  rod  J,  driven  through 
bevel  gears  from  the  dogs  K,  K,  tappet  L,  rod  Ai, 
quadrant  ge^r  !C,  to  a  wheel  on  the  first  bevel 
wheel  shaft.  The  effect  of  each  reversal  by  the 
dogs  and  tappet  is  to  turn  the  feed  rod  J 
thnmgh  an  arc  of  a  circle,  and  cause  it  to 
actuate  the  feed  gears  which  operate  c,  c 
and  d. 

The  driving  motor  is  shown  at  o.  It  is  of 
variable  speed  compound  wound  type,  reverses 
aut-tjmatically,  and  drives  thi-ough  the  two  pairs 
of  gears  P  and  Q  to  the  table  screw  a,  5  in. 
diameter,  four-threadeti,  5  j  in.  pitch,  s,  s,  s 
are  special  switches  mounted  on  the  side  of  the 
planer,  w^orked  from  the  driving  gears  through 
pitcli  chains  shown  at  ^,  j\  g,  T  is  the  variable 
speed  switch  actuated  by  the  attendant*  The 
functions  of  the  sw^itches  s  are  to  start  the 
motor  after  it  lias  come  to  rest  at  the  end  of  the 
stroke;  to  insert  or  withdraw  resistance  in  series 
with  the  field  coils,  thus  altering  the  speed  after 
reversal ;  to  reverse  the  armature  connections, 
and  thus  reverse  the  direction  of  rotation  ;  and 
tc^  retard  the  armature  at  the  end  of  the  stroke 
by  strengthening  its  fi.eld  prior  to  revei'sal. 
The  speed  variation  of  the  motor  is  produced 
entirely  by  varying  the  shunt  current  The 
efficiency  of  the  motor  is  not  less  than  87  per 
cent,  under  any  circumstance.  Tlie  range  of 
speed  of  the  motor  is  from  about  300  to  900 
Il.P.M*  It  ryns  at  any  speed  between  300 
and  900  on  the  cutting  stroke,  according  to 
requirements.  When  the  motor  reverses  auto^ 
maticaUy  at  the  end  of  the  stroke,  a  i-esistance 
is  autt>matically  inserted  in  the  field,  quickly 
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,  the  speed  to  900  for  the  return  sti^oke. 
^©nd  of  the  quick  return  stroke,  imme- 
drntelj  before  reversal,  the  iield  reisistance  is 
Abort  circuited,  providing  a  stn>ng  ^field  fur  re- 
verang  in.  The  motor  then  re%*eraes  and  tak^a 
its  slow-cutting  stroke.  The  centre  si^itch  s 
Is  used  to  »tart  or  stop  the  planer  \  h  and  j 
recetye  handles  for  hand  adjustments  of  feeds, 
Ac.  The  s|)eed  of  cutting  can  be  varied  in- 
M.antly  between  the  limits  of  the  slowest  cut 
and  of  the  quick  return.  The  variation  can  be 
made  by  sinalj  intervals,  and  without  altering 
the  8p6€d  of  quick  return.  This  variation  of 
reattiDg   speed    m    a    valuable    property, 

reversal  is  also  rapid^  so  that  planing     

be  done  up  to  a  line.  An  armour- 
plate  planer  of  24  tt.xXI  ft.  x  10  ft, 
G^Nidty  at  Messrs  Tickers'  workB  at 
|81ieffiel<^T  fitted  with  one  of  these  revers- 
f  ing  motors,  was  worked  twenty-four  hours 
a  day  for  over  six  months.  On  short 
stroke  work  it  frequently  had  to  reverse 
6,000  times  a  day,  yet  at  the  end  of 
months,  the  motor  and  switcl^es  had 
not  deteriorated  in  the  least.     Tlie  coat  of 


between  the  nut  and  a  shoulder  on  the  under 
side  of  the  bed.  It  is  pulled  up  by  an  adjust- 
ing screw  F,  and  block  c,  wliich  is  a  part  of  the 
wedge.  A  collar^  b,  eonlined  by  a  flange  bolted 
at  the  side  of  the  bed  confines  the  screw  end- 
wise. The  screws  being  tightened  in  their  slot 
holes^  hold  the  nut  securely.  J  is  one  of  the 
supports  for  the  driving  sc^rew. 

Power  Absorbed ^— It  has  been  proved  bj  the 
experiments  of  Captain  Tresidder  which  were 
made  at  the  works  of  John  Brown  dt  Co.  in 
1000,  that  little  more  power  is  absorbed  during 
the  cutting  stroke  of  a  planer  than  when  the 


^•1 


titing  in  that  time  on  an  ordinary  planer  of 
e  same  size  would  have  been  from  JE30  to  £40. 
WhUtiyfyrth  A'uL  —  Fig.  98  illustrates  the 
^—Uliitworth  planer  nut.  It  is  made  in  two 
^^Bortiom*,  a,  s,  with  provision  for  endlong  ad 
^Vntateent.  One  half-length  is  Iwlted  by  its 
p  TWr  easting  c  ti^  the  under  side  of  the  table 
thrtjugh  round  holes,  the  other  half  through 
j^jflflot  boles  in  0,  which  last  permit  of  adjuatnient 
^^pf  the  halfdength  of  nut.  The  nuts  and  screws 
'  therefore  bear  on  the  faces  which  are  farihest 
oppoBed  to  each  other.  The  adjustment  is 
made   by  the  long  wedge  e^  which  is  fitted 


Fig.  98.— Whit  worth  Nut  for  Pkuing  Machine. 


machine  is  running  idly.  The  greatest  stress 
occurs  at  the  instant  of  revei^,  when  about 
twrice  the  power  is  required  than  when  cutting. 

RACK-oftivEN  Machine;  cutting  speedy  10  ft.; 

return,  1 6  ft.  8  in.  per  minute ;  table  loaded 
w^th  plate,  20  tons,  eight  tools  surfacing. 
Cut,  y^3  in.  to  f  in. ;  feed,  about  ^^  in.  per 


traverse : — 


OattiDg  stroke,  took  disengaged 
Cutting  strokf^,  cutting 
Eieturti  stroke 


SP, 


IH 


Daring 

Stroke. 
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Heavy  Double  Screw  Planing  Machine, 
14  ft.  Sin.  between  standards;  cutting 
speed,  10 J  ft. ;  return,  14 J  ft.  per  minute. 


HP. 


Table,  about  25  tons,  empty — 

Cutting  stroke 
Return       „  - 

Ditto,  wUh  8-ton  Plate- 
Cutting  stroke 
Return       „  - 
One  tool  cutting     - 
Running  shaft  only 
Running  idle  pulley  on 
countershaft  - 


MomenUiy    Diuriiif 
at  Start.       Stroke. 
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12 
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Crank  Planiivg  Machines, — These  are  very 
useful  and  popular  for  small  work,  the  length 
of  which  does  not  exceed  about  30  in.  They 
are  planers  driven  with  the  essential  shaper 
quick  return  mechanism,  and  therefore  they 
plane  to  an  exact  length.  Elliptical  wheels 
are  used  in  some  machines,  the  Whitworth 
quick  return  in  others.  One  of  these  is  illus- 
trated in  Fig.  99,  by  Messrs  Greenwood  & 
Batley,  Ltd.  The  table  a  is  fitted  with  flat 
slides  to  the  bed,  and  confined  laterally  by  vee'd 
edges,  one  of  which  has  a  take-up  strip.  It  is 
driven  from  the  four-stepped  cones.  On  the 
cone  shaft  is  a  pinion  b,  which  gears  with  the 
large  spur  wheel  c.  This  wheel  is  carried  at 
one  side  only  by  a  large  hollow  cast  boss  a, 
which  forms  its  shaft,  and  which  has  its  bear- 
ing in  a  long  boss  cast  with  the  bed.  The  boss 
a  carries  the  feed  disc  d.  On  the  opposite  face 
of  the  wheel  there  is  a  slotted  piece  h,  along 
which  a  die  block  e  can  be  adjusted  radially  by 
a  screw  f,  to  vary  the  length  of  stroke  of  the 
table.  As  the  wheel  c  revolves  at  a  uniform 
rate  the  difference  between  the  cutting  stroke 
and  the  quick  return  will  be  the  greater  the 
larger  the  radius  at  which  the  die  nut  E  is  set. 
This  is  clear,  because  the  link  G  in  which  the  pin 
H  and  the  die  block  slide  during  the  rotation 
of  the  wheel  c  is  pivoted  at  c,  and  rocks  in  the 
arc  d.  The  pin  H  when  at  e  will  be  moving  at 
its  slowest,  and  when  at  the  other  extremity  of 
its  path  e'  at  its  swiftest.  The  table  will  partake 
of  this  variable  motion,  being  connected  with 
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the  lo^*  of  the  link  g  by  the  connecting  rod  J 
aty*nd  at  ;7-  The  screw  A  is  for  the  adjust- 
ment  of  the  table  and  >^'ork  in  relation  to  the 
tocil  box.  The  feed  disc  d  is  connected  bj  the 
l*Ters  K,  L  to  the  feed  roci  M,  which  goes  to 
the  end  of  the  ei\>s5-rail. 

Planing  Machini^»—/or  Wood, — These  include 
sevemi  types  for  hea\y  roughing,  and  for  fine 
fittishuig.  In  the  mttjority  of  cases  revolving 
cutters  act  upon  the  surface  of  the  wood,  but 
in  aome  tnstanees  fixed  knives  or  cutters  ai'e 
used  to  produce  a  very  smooth  finisli.  But  a 
fi^ed  knife  will  only  work  properly  when  the 
timber  is  propelled  at  a  faat  rate,  and  it  is 
impossible  to  feed  the  wood  with  four  cuttens 
in  action,  so  that  the  fixed  knife  is  usually  con- 
fined  to  operating  on  one  face  of  a  board. 

The  Amplest  planers  are  the  harid  or  ^irface 
planeim,  which  have  a  revolving  cutter  cylinder 
running  between  the  two  portions  of  a  table, 
npon  which  the  wood  is  slid  and  pressed  down 
by  hand.  The  first  table  is  set  lower  than  the 
other  by  the  amount  which  ha^j  to  he  planed 
off.  The  dnjber  is  taken  out  of  wind  and 
made  perfectly  true  and  straight,  ready  for 
jciinting,  or  further  planing  on  the  other  side. 
The  surface  planing  and  thickne^in^  machines 
differ  from  the  jointers,  in  having  feed  rollers^ 
by  which  the  stuff  is  fed  along  a  table,  under 
tile  rerolving  cutters ;  the  height  of  the  table 
being  varied,  the  thickness  of  wood  is  thus 
con  trolled.  Any  number  of  pieces  may  be 
planed  to  uniform  thickness.  Pressure  bars 
ar'e  placed  in  front  and  l>ehind  the  cutter  to 
hold  the  timber  down  closely,  and  prevent  the 
grain  from  tearing  out.  The  feed  motion  to 
the  rollers  is  arranged  to  give  several  different 
nif;€€,  to  suit  the  depth  of  cut,  and  class  of 
timber  being  planed. 

The  hand  and  thicknessing  machines  are 
fxHnbined  in  one  for  small  shops  wliich  do  not 
retfuire  to  have  two  separate  machines,  the 
upper  or  jointing  t^ble  being  located  alx>ve  the 
cutter  cylinder,  and  the  thick nessing  table 
below.  Double-cutter  machines  work  with 
cylinders  both  above  and  below  the  wood,  to 
finish  the  two  faoea  simultaneously.  8ide 
enittierB  are  also  applied  when  required  to  finish 
the  edges^  with  tongues  or  grooves,  ifec, 

Vety  heavy  work  Is  planed  upon  trying-up 


machineSj  which  souiewjiat  re^serable  the  metal 
planer  in  form.  The  Imlk  of  timber  is  clamped 
upon  a  long  table^  which  is  fed  along  a  bed 
below  the  revolving  cutter  cylinder,  the  bear- 
ings of  which  are  carried  in  a  slide  adjustable 
on  uprights.  In  some  machines  the  cylindei* 
is  replaced  by  a  large  horizontal  disc  with 
knives  inserted ;  this  produce  a  very  true 
surface,  but  is  rather  slower  in  action  than  the 
usual  cyliuder. 

In  the  more  complex  planers  which  are 
employed  for  finishing  flooring  and  other 
boards  at  one  pass^  Fig.  100^  Plate  YII,,  the 
board  is  fed  in  thi"ough  rollers  until  it  en- 
counters a  bottom  cylinder,  which  roughs  off 
the  mider  aide.  The  feed  is  effected  by  large 
rollers  the  height  of  which  can  be  adjusted  to 
suit  the  thickness  of  stuff.  The  latter  then 
passes  on  to  a  fixed  knife  which  smooths  the 
under  face  and  gives  a  fine  finish.  The  top  is 
then  planed  at  a  further  stage  with  revolving 
cutters,  and  just  after  the  edges  are  planed^ 
tongued,  grooved,  or  beaded  with  vertical  side 
cutters.  Variations  in  this  general  arrangement 
are  made,  some  machines  having  five  revohing 
cutters,  and  fixed  knives  for  finishing  aU  four 
sides,  in  the  case  of  flooring  boards.  As  the 
fixed  knives  dull  rapidly,  an  arrangement  is 
included  for  withdrawing  one  or  more  of  them 
in  a  drawer,  to  be  replaced  by  freshly  sharpened 
knives.  The  rates  of  feed  in  these  machines 
are  high,  up  to  as  much  as  200  ft.  per  minute. 

Lightning  planers  are  a  small  type  in  which 
the  atufi^  principally  thin  small  strips  and 
boardsj  such  as  for  boxes,  are  shot  over  a  fixed 
knife  by  a  large  rubber-covered  roller ;  the  cut 
\H  light  and  the  finish  very  high,  equal  to  a 
polish. 

Planisbing^.  —The  finishing  of  copper  sheets 
by  a  process  of  hammering  and  polishing.  It 
comprises  smoothing  down  irregularities  left 
after  racing  down  wrinkles,  hardening  and 
closing  the  grain,  and  imparting  a  hammer 
polish  preUminary  to  the  application  of  polish- 
ing  powders.  The  hammering  is  done  by  a 
succession  of  blows  in  line,  or  in  circles,  accord- 
ing to  the  shape  of  the  work,  the  blows  over- 
lapping in  the  coursea.  Light  finishing  blows 
are  imparted  with  a  piece  of  parchment  drawn 
tightly  over  the  head. 
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Planishing  H ammers.— Coppersmiths' 
hammers  of  from  1  oz.  to  3  or  4  lb.  weight,  used 
for  siuoothiDg  copper  goods.  *SW«  Hammers* 
The  faces  are  flat,  utmvex,  and  bullet,  concave^ 
and  grooved  J  or  saddle  faced,  to  suit  the  various 
shapes  of  the  arttelea  to  be  operated  <Jn,  ^S'^e 
{dm  Pneumatic  Planishing  Hammers. 

Piano- Milling  Machines,  ur  Slabbing 

Machines. — These  are  built  on  the  general 
designs  of  the  eoinnion  planer,  and  deal  with 
much  the  same  class  of  work  as  this  machine 
does.  They  have  a  bed,  sliding  table,  housings, 
croaa-rail,  and  cutter  apindles,  with  the  advan- 
tage of  continuous  cuttingi  and  modifications  to 
suit  table  and  tool  feeds.  Edge,  and  face  mills 
are  used,  and  gangs  of  cutters  largely^  with 
solid,  or  inserted  teeth.  Very  wide  cutters  can 
be  employed,  up  to  a  couple  of  feet  or  more. 

As  in  planing  machines,  housings  ai'e  both 
&£:ed,  or  one  is  made  capable  of  extension,  or 
removable,  and  some  macliines  are  open -sided. 
One,  two,  three,  or  four  cutter  spindles  are  used 
on  cross-rail,  and  on  housings.  Feeds  can  be 
changed  for  roughing  and  finishing  cuts. 
Driving  is  by  belt  or  by  motor. 

Fig,  101,  Plate  VIII.,  illustrates  a  large 
piano-milling  machine  with  four  spindles,  two 
vertical  ones  on  the  cross-rail,  and  one  on  each 
upright.  Five  aides  of  an  object  can  thus  be 
milled,  including  top,  two  aides,  and  two  ends. 
In  order  to  effect  the  latter  operation,  the 
sad^lles  carrying  the  vertical  spindles  have  a 
power  feed  across  the  rail,  in  which  case  the 
table  remains  stationary  ;  when  milling  longi- 
tudinally  the  table  is  fed  towards  the  cuttei's. 
If  the  work  is  short,  and  the  table  comparatively 
long,  a  piece  of  work  may  be  set  while  the  other 
is  being  tooled. 

In  tlie  machine  shown,  the  table  is  fed  by  a 
large  screw  set  centrally,  and  driven  from  cone 
pulleys  at  the  hack.  The  cross-rail  is  raised 
and  lowered  by  a  vertical  screw  in  each  housing, 
and  the  saddles  for  the  horixi^ntal  spindle  hji\e 
also  separate  raising  screws.  Each  sJide  carrpng 
its  spindle  is  moved  to  or  fro  to  vai'y  the  depth 
of  cut  by  screws.  If  necessary,  a  single  long 
mandrel  can  be  supported  between  the  two 
horizjontal  spindles  to  ttml  across  broad  areas. 
Each  spindle  is  driven  through  gearing,  the  two 
vertical  one^  from  the  horizontal  sphned  shaft 
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lying  above  the  rail,  and  diivHng  through  bevel 
gears  from  a  vertical  shaft  U>  the  left  The 
horizontal  spindles  derive  their  motion  from 
bevel  and  spur  geai*s,  driven  off  the  f^rae 
vertical  shaft. 

A  machine  with  a  single  horizontal  spindle 
is  shown  in  Fig.  102^  Plate  VIII.,  designed  for 
general  work^  such  as  locomotive  inxls,  levers, 
links,  i&c,  and  castings  of  various  kinds.  The 
table,  having  a  travel  of  6  ft.,  and  accommodat- 
ing pieces  up  to  3  ft.  in  width,  slides  on  square 
gibbed  ways,  being  moved  by  a  central  screw^ 
driven  from  a  cone  pulley  and  gearing  at  the 
back,  affording  several  ratea  of  feed.  Rapid 
hand  and  power  motions  are  also  provided  for 
adjusting  purposes.  The  uprights  are  btjlted 
to  the  sides  of  the  bed,  and  tied  together  at 
the  top  with  a  distance  piece.  Upon  the  faces 
of  the  uprighta  the  cross -rail  is  adjustable  by 
means  of  two  vertical  screws,  rotated  simultane- 
ously by  l^evel  gears  and  a  cross  handle  at  the 
top ;  the  iveight  of  the  rail  is  counterbalanced 
by  chains  and  weights.  There  are  two  saddles 
on  the  cross-rail,  moved  across  it  to  any  desired 
position  by  screws  and  a  handle ;  the  left-haud 
saddle  carnes  a  fixed  bearing  for  the  cutter 
spindle,  and  an  adjustable  stay  befiring  for  the 
arbor,  so  that  two  cutters  may  be  used,  as 
shown,  with  a  support  between  them.  Tlie 
right-hand  saddle  is  fitted  with  a  similar  stay 
to  receive  the  outer  end  of  the  arbor.  Flexible 
tubes  conveying  lubricant  from  a  pnmp  art? 
brought  down  to  the  cutters. 

The  cutter  spindle  also  runs  in  a  fijced  bear- 
ing fm  the  left-hand  end  of  the  rail,  and  it  iit 
driven  from   a   cone   pulley  at   the   back,   up 
through  mitre  geai-s  to  the  spindle  geai's,  which 
are  spurs;    six  different  speeds  are  available. 
A  vertictil   spindle  attachment^  wdiich   is  seen 
lying  on  the  gmund,  can   be  clamped  to  \\m 
cross-saddle,  for  doing  edge  milUng,     It  has  a 
tapered  shank  to  fit  the  hole  in  the  spindle 
nose,  thus  changing  the  direction  of  motion  to 
right  angles  for  the  vertical  cutter  spindle. 

The  employment  of  the  piano-mind's  has  in- 
creased very  much  of  late  years.  The  earlier 
developments  artjse  in  the  United  States,  but 
numerous  machines  are  built  in  England  and 
Germany.  The  term  *'  piano  "  relates  to  their 
close  aHinity  in  design  to  the  planing  machines, 
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Eie  term  *^  slabbing  "  to  their  capacity  for 
\  cutting  on  broad  plane  sui'faees.  They 
ibecome  rivals  to  the  plaoers  in  this  cltts."!! 
ik,  but  have  not  ousted  the  latter,   Thou^^b 

Kphenea  of  ope mt ion  overlap  very  niiich, 
Ich  has  a  well-defiiied  field  of  u^fuhies^. 
^  fecial  value  of  the  plano-miller  lies  in 
|ct  that  it  ia  able  to  operate  over  a  broad 
It  once:.  It  may  or  may  not  reduce  such 
\  more  rapidly  than  the  fiingle-edged  tool 
I  plaoer  which  will  take  much  deeper  cuts. 
dapexida  on  many  conditions ;  as  the  build 
e  machine^  the  kind  of  cutter  used,  its 

form,  its  breadth,  lubrica-tiou,  ^ke.  But 
id  modem  machine  may  be  cousidered  as 
tnical  as  the  planer  even  in  tooling  broad 
I  surfaces  I'^ith  roughing  cuts,  though  not 
lable  when  a  very  accurate  finished  surface 
jbired.  But  when  surfaces  are  not  plane, 
Kiilt^up  gang  cutters  operated  in  a  piano- 
f  leave  the  planer  far  behind ♦  in  rapidity 
^OD  and  In  uniformity  of  results  in  a  large 
IBr  of  pieces.  Moreover,  the  machine  is 
^bly  adapted  for  profile  work  when  a 
|U  flpindle  is  included,  the  spindle  slide 
fi  controlled  laterally  by  a  form  or  pattern 
\  article  to  be  profiled  held  on  the  table. 
I  pnneipa]  flevelopments  of  these  machines 
t&ken  place  in  their  increased  stifiriess  to 
^  the  cutters  to  do  heavier  work  with  less 
lion,  in  the  multiplication  of  spindles,  and 
^  provision  of  a  larger  range  of  speeds  and 

for  roughing  and  finishing,  on  different 
|l  and  alloys. 

Ited  Girders^ — Those  in  which  the  web 
(itinuDuSj  instead  of  being  formed  by 
I  members*  Platefl  girdei-a  are  of  singl6| 
double  box  section.  It  is  usual  to  assume 
be  horizontal  flanges  sustain  the  horizontal 
the  web  the  vertical.  Tertical 
necessary  to  reinforce  the  web 
de  it  to  resist  crumpling  and  crusihing 
The  objection  to  this  form  is  weighty 
ol  material,  so  that  it  is  \&b&  u;^ 
jibnnerly  except  in  comparatively  shallow 
|l  The  objection  to  bi>x  girders  is  the 
jGlty  in  painting  their  interiors,  ^r  which 
lioles  must  be  provided, 
ite  girders  are  built  up  by  means  of  angles 

:  to  the  webs  and  flanges.     ^\Tien  girders 


ejtceed  in  length  that  of  the  standard  plates 
roUed,  they  are  united  by  joints  j  the  webs  and 
Ganges  break  joint,  and  are  connected  up  with 
broad  csovering  plates  riveted  through  the  web 
and  flanges.  Te^  stiffeners  may  be  riveted 
down  the  web  covering  plates.  Lengths  of 
angle  also  form  connections  at  the  joints, 
When  girders  are  built  up  in  the  shop  the 
rivets  are  omitted  from  aU  the  holes  in  covers, 
angles^  web,  and  flanges  oo  one  side  of  each 
joint,  and  a  few  tacking  bolts  inserted.  The 
girders  are  then  separated  at  the  joints  for 
tninsit,  and  the  riveting  completed  at  their 
destination, 

Plate  Dowels. — Metal  dowels  having  the 
pin  and  the  hole  in  broad  plates  which  are  sunk 
flush,  and  screwed  into  the  joint  faces  of  the 
pattemn.  They  are  more  secure  than  wooden 
dowels,  or  than  the  peg  and  cup  form,  and  are 
used  therefore  for  the  larger  an<l  heavier  class 
of  patterns. 

Plate  Ed^e  Planing  Machine.  —  A 
special  type  of  planer  designed  for  planing 
the  edges  of  plates  for  bridge,  girder*  and 
boiler  work.  In  all  machines  of  this  kind,  the 
work  is  bolted  to  a  table  over  which  the  tool 
box  travels.  The  length  of  cut  ranges  from  8 
ft.  to  40  ft.  in  the  smallest  and  largest  machines 
made.  Many  machines  combine  provision  for 
planing  an  edge  and  an  end.  The  general  design 
includes  the  bed  and  table  on  which  the  work 
is  clamped  down  by  means  of  hand  screws,  or 
hydraulic  rams,  so  leaving  the  edges  unob- 
structed for  toolbig.  The  screws  or  rams  have 
their  bearings  in  »  stiff  beam  above,  carried 
between  end  standards.  The  beam  in  the  largest 
machines  is  built  up  of  steel  ptate^  in  the  .smaller 
of  cast  iron.  The  tool  carriage  traverses  along 
a  face  of  the  bed,  the  attendant  standing  on  a 
platfcirm  attached  to  it.  The  tool  usually  cuts 
cm  both  strokes,  the  tool  box  being  reversed 
automatically  at  the  end  of  each  cut.  In  some 
machines  the  reversal  is  avoided  by  having 
two  tools. 

A  modem  machine  is  shown  in  Fig.  103,  by 
Francis  Berry  k  Sons.  It  has  two  beds,  a,  h, 
at  right  angles;  c,  €  are  tables  on  whSch  the 
plates  are. carried;  n,  n  are  cramping  beams 
or  girders,  the  function  of  which  is  to  hold  the 
plates  securely  on  the  tables  c.     The  beams  are 
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Buppoiied   iii   standards    e,  E^  F,  a  featiiF&  of 
which  is  that  the  beams  overhang  tha  table,  m 

permitting  of  tlie  insertion  of  plates  of  mnjr 
len^'th,  the  enfis  of  which  may  pass  alon*?  in 
front  of  the  standards >  In  m&ny  of  the  smalW 
machines,  hand  screws  alone  are  used  Im 
clamping  the  plates  down  by.  In  tliis*  prtv 
vision  is  made  by  screw  jacks  g,  and  also  by 
h^^draulic  rams  h.  Tlie  i^upply  pip«  for  tJi^ 
latter  Ls  seen  at  J.  The  fa^t  and  loo^e  pulleyi 
for  driving  and  reversing  are  shown  at  r  for 
the  longitudinal  traverse,  and  at  L  for  tht;  end 
cutting,  the  latter  driving  though  bevel  gt?ars. 
The  driving  is  through  a  largo  screw  in  a 
trough,  one  in  each  bed.  Tlie  ends  of  ilic 
screws  are  fitted  with  hall  thrust  bearing^T  with 
adjustment  for  wear,  and  gun  metal  nuts  drive 
the  tool  boxe».  As  these  cut  on  both  stivikei 
the  sci'ews  run  at  the  same  speed  in  both 
direcitions-  The  tool  boxes  are  shown  at 
and  X*  M  has  a  travelling  [ilatfurm  o  for  tlu! 
attendant  t^  stand  on.  The  tool  in  the  a^iA 
fit  of  the  box  is  turned  round  ff^r  the  double 
cutting.  The  reversals  of  the  box  are  deriirt?ci 
from  the  long  rod  supported  on  tumblers  Q,  and 
having  adjustable  dogE  5,  and  moving  the  belt^ 
on  the  pulleys  R  through  the  forks  s  for  thi> 
long  traverse.  The  rod  T,  with  dogs  0,  c  aetuaieji 
the  belt  forks  u  for  the  cross  traverae;  d^  d 
are  the  horns  or  cama  on  the  tool  boxes  which 
strike  the  dogs. 

Until  I'ecently  the  method  of  driving  ba^ 
been  by  belt  from  sliop  shafting.  Latterly  tlw 
electric  motor  ha^  been  fitted  to  some  muclii 
the  belt  puUeys  remaining  as  l^efore.  In  tliJl 
case  the  motor  is  mounts  on  top  of  one  of 
end  standards  of  the  machine ,  and  *irive43  dtf 
to  the  pulleys  by  open  and  crossed  belta,  the 
motor  shaft  having  a  wide  pulley  t^  take  tba 
two  beltjii. 

Plate  Flattening  Macbine— ^V?^  Flat- 
tening: Rolls. 

Plate  Furnace —An  onhniu^  rrvuflwri- 
tory  furnace  u^sed  fur  healing  plates  to 
lK>i)fr  and  plating  shop,  which  have  la  be  henl 
or  tlaTjgcd, 

Plate  MiU.— A  reve 
prislny  two  paiTH  of  ra 
line,    one    pair    ffir    j 
finishing.     ^Vlw  pkl 


^la 


^Halr,  am!  is  tlicn  c*iri"ic4l  alang  to  the  other 
^Hp.ir  on  m  travelling  tiible.  The  roughing  roUs 
'  aw  ifi'ain  r«>lls,  the  Unishin^  r^^lls  are  chUffid. 
The  top  mughing  null  is  uoimtei'lMilancedj  the 
tup  fini^hmg  roll  nina  £rt^ly,  and  is  revolved 
only  hf  th«*  friction  of  the  plat*?.  The  top 
rullw  ai*e  Jihghtly  hirger  than  the  bottom  rolls 
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order  to  extend  tlie  upin^r  ^ui'face  of  the 
iJiite  more  than  the  lower  one,  and  so  eiarve  the 
i,nXr  dt»wnwtuHi»  sli^^htly^  and  pre%'ent  collar- 
Hg  around  the  top  ixill.  Ajs  the  plate  extends 
}n)08t  wholly  in  the  direetion  of  its  length, 
Tit  A  ei*rtiHin  ntage  when  the  wiflth  ha*  been 
ubtiiiued,  the  plate  is  tnrned  at  right  angles  in 
be  roughing  rolh  to  intpart  the  lent^^h.  When 
h<*  com^ct  thicknesis  is  nearly  reached,  the 
llatf  in  pasneil  thi'ough  the  finishing  rolls. 

To  chunge  the  folate  from    the   roughing   to 

lie  llrti^^hing  rolls  /irv  roUem  mv  carried  in  a 

*vt*lling  or  traversing  table  which  ia  moved 

llt*ng    by    meani^    of    worm   oi"    bevel    gearing, 

ctuating  tlie  axlen  uf  the  travelling  wheels, 

Tiw  roll**  expand  Ijy  ufintiniial  contact  with 
he  heated  mt^tftl,  the  central  portions  beeom- 
Ijurger  than  the  ends*  Hence  rolls  are 
imt;^]  ^rnalh^i"  in  dian^uter  there  by  about  ^\-j 
I.  to  alliiw  f*»r  the  t*xpansion  which  take^j  phu;e, 
tlih*  were  not  done,  tlje  platen  I'olled  would 
'  '  *  A  ivtMiut  th<*  ucnitre.  For  the  first  few 
r  putting  in  new  rolK  narrow  plates 
njJJe^l  until  the  if^jitra!  j:#*M'ti**ns  ut"  the  toIIh 
jrpAiiii  lifter  wliich  pklt^f*  o!t  fid  I  width  are 
»»*ring,  80  that  wide  plates 
«e    tni<lflle    than    at 


•»|. 


ing  patterns,  or  piitteni  parL^  on  plates,  the 
faces  of  which  ai'e  used  to  ram  the  joint  faces 
of  the  nuiidds  a^iiist,  Tt  is  an  extension  of 
the  bottfjnij  or  joint  boai'd  method,  on  which  a 
pattern  is  simply  laid  to  be  rammetL  But  the 
plate  and  iti  pattern  are  united,  either  being 
fastened,  or  cast  together. 

The  simplest  plate  In  made  of  wood, 
a  Bottom  Board  in  fact,  but  havirig 
it?!*  pattern  or  jmtterns  permanently  at- 
■^  tached.  I^he  plate  of  wtjod  is  made  by 
any  of  tiie  methods  adopted  in  p imparl ng 
bottom  boards  to  ensm*e  permanence  of 
form  :  m  open  joints,  crossing  strips,  and 
iif  Imttens,  when  conditions  permit  of 
their  use.  Pattern  parts  may  be  moulded 
on  tme  side  of  two  distinct  plates,  or 
on  opposite  sides  of  a  wooden  plate,  as 
say  a  column  or  pipe  pattern  in  halves, 
Fig.  104,  In  the  first  case,  the  pat- 
tern has  to  be  mouldetl  by  turning 
over,  fii'st  one-half  being  I'ammed,  and  then 
the  other  half  in  a  pair  of  boxes,  by  one  man, 
or  one  set  of  men»  In  the  second,  eJicb 
portion  of  the  pattern  on  it^  separate  plate 
is  rammed  without  turning  over,  the  box  parts 
only  coming   together  for   closing   the  mould, 


Fig.  105.  —  PLite  Moulditig, 

and  they  may  be  rammed  liy  twn  men,  or  isCt^ 
of  men.  The  econonues  »>f  this  division  of 
Ittljour  are  woi'th  making.  Fig.  105  shows 
hand- w  lieu  Is  on  a  wcxnlen  plate,  with  corner 
pieces  for  locating  the  b*>xes, 

Wootlen    plates    ai*e    suitable    for    a    liirge 
a  97 
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quantity  of  work,  and  they  have  been  and  are 
used  to  a  great  extent.  They  not  only  save 
the  moulders'  time  in  making  a  joint  with  the 
trowel  for  every  mould,  but  they  help  to  preserve 
the  pattern  true,  and  from  injury.  In  fact  in 
the  case  of  many  long,  slight,  and  flimsy 
patterns  this  is  the  most  important  economy 


Fig.  106.— Trolley  Wheel  on  Plate. 

of  the  plate,  for  without  it,  the  trouble  of 
ramming  up  truly,  and  preserving  edges  would 
be  excessive. 

Although  timber  is  not  very  durable,  yet  a 
carefully  made  plate  will  endure  hundreds  of 
mouldings  before  it  requires  renewal,  and  this 
is  more  than  ample  for  most  patterns  in  average 
shops.  An  objection  to  it  is,  that  many  patterns 
require  joints  in  more  than  one  plane,  up  and 
down,  or  curved,  and  slo()ed  in  various  ways. 


Fig.  H)7.-   Pattern  Parts  Screwed  through  Plate 

and  tliese  cannot  be  readily  cut  and  formed  in 
wood  without  causing  weakening  of  the  plate, 
and  difficulties  in  matching  the  joints  in  top 
and  bottom.     Something  is  done  in  this  way. 
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But  it  is  better  in  high-class  work  to  abandoi 

timber  for  metal.     Thin   plates   can  be  ui 

say  from  \  in.  or  ^  in.  to  \  in.  thick,  according  \a 

area ;    and  joints, 

however  intricate, 

can   be    made  by 

casting,  with   the 

certainty  that  the 

top    and    bottom 

will  match. 

But  the  prac- 
tice of  casting  pat- 
tern parts  with 
their  plates  is  not 
adopted  to  so  great"* 
an  extent  perhaps 
as  that  of  attach- 
ing them  to  plain 

plates,  the  former  Fig.  108. -Pattern  Parts  Pivete^ 
being    reserved  through  Plate, 

chiefly  for  work  in 

which  the  joints  are  irregular.     When  they  are?- 
plain,  it  is  usually  better,  special  cases  apart, 
to   make   plain   plates.  Figs.    106-109,    having' 
their  faces  planed,  milled,  or  ground, 
and  attach  the  pattern  work  separately 
tooled,  and  got  up,  to  them  with  screws^ 
XJ3  or  with  rivets.    This  saves  a  lot  of  filing- 
and  scraping,  generally  necessary  when, 
patterns  and  plates  are  cast  together. 

The  difficulty  of  ensuring  perfect  co- 
incidence  between   the  edges   of  pat- 
terns and  moulds  in  top  and  bottom  is- 
well  known.    This  is  the  chief  difficulty 
in  plating  patterns.     When   patterns- 
ai-e    on   one   side   of    the   plate   only, 
leaving   a   plain   top,    the    trouble   oF 
matching  is  not  present.     When  t he- 
halves  or  parts  occur  on  opposite  sides,, 
the  pattern  halves  or  parts  are  pre- 
pared first,  independently  of  the  plate. 
Holes  are  drilled  through  from  one  to 
the   other,    and   fitted    with    pins,    or 
screws.  Fig.  107,  or  rivets.  Fig.  108,  and 
the  patterns  got  up  while  thus  secured. 
They   are   then    separated,   and   holes 
drilled  through  the  plate  to  correspond,  and  the 
pins,  screws,  or  rivets  secured  through  pattern 
parts  and  plate.     In  this  way  the  perfect  coin- 
cidence of  top  and  bottom  is  ensured. 
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^H  When  sepai'ate  pattern  plat*fs  are  usl^J*  the 
^^MO  p lutes  cut!  be  fitfceil  togetheiv  witli  the 
^^■attcm.^  on  opposite  sides.  Or  they  raaj  be  set 
^^BjT  centre  lines  scribed  over  fix>m  one  plate  to 
^^pe  other*  If  thei-e  k  auj  ditliculty  in  getting 
^Hdgei^  to  nmt4::h»  the  patterns  can  l>e  soft  tioldered 
^«i  the  plates  in  the  first  place,  u  mould  taken, 
I  and  corrections  made  if  found  necessary,  and 
I  finally  the  pattern  parts  be  attached  perman- 
ently with  screws  or  rivets. 

In  many  caaes  the  fitting  of  pattern  parts  is 


9SUfJftff7r?pTf 
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XT 

iland  tititng  through  Pbte. 


fir  I  in.  thickness. 


imple.     Tlmst  a  pattern  may  occupy  one 

e  cmly  of  a  plate,  but  have  a  print,  or  print 

d  boss  on  the  lower  side.     Then  a  hole  can 

drilled,  and  the  print,  solid  witli  the  pattern, 

thmat  through.     The  print,  or  UjhuS^  Fig.  109, 

must,  of  course,  k*  longer  than  the  actual  print 

Wyss  ref^uired,  by  the  thickness  of  the  plate. 

unners  are  almost  invariably  fitted  to  pattern 

Xm^.     They  are  either  pinned  or  screwed  on, 

caat  with  their  plates,  Fig.  110. 

The  plate«i   are   of    wrought,  or 

iron,    the    first    l>eing    lighter 

ae  tliey  can  be  usefl  f»f  J    in» 

But  cast  iron 

gmie rally  preferred  as  l:>eing  more 

Igid   to   rum    on.      Lugs    are    re- 

jutred    with    hule8  to  fit  the   pins 

the  boxe^.     One  hole  fits  its  pin 

loaely,  the  other,  or  others  shim  Id 

x\y  fit   the   pin   in   one  direction, 

ig.  11<^*     Hlota  are  frequently  cast 

r  tiie.'  hands  4^  shown. 

When  patterns  are  ciu*t  witis  their  [ilat^i^s, 
lould  partnS  are  first  rammed  as  thotigh  for 
g  imm  They  may  \m  |»rep<ired  by  tur li- 
ver, ur  frotn  txld  slides.  They  ai-e  mended 
id  deanecl  carefully,  and  then  the  mtmld  part* 
1  by  a  frame,  laid  ontsid*%  and 
of  which  cc»rrl^'*pilIuls  wiUj  the 
ocknt'HS  oi  thtt  p?"^-  Mild 

i^  frame   tn 


Then  the  pattern  frame  is  le moved,  leaving  a 
mould  comprising  top  and  l>ottom  pattern  parts, 
and  a  uioald  for  the  plate. 

Plate    Rolls- — Wide    rolls    for   bending  or 

Battening  plat^^s.  Spr.  Bending  Rolls,  Flat 
tening^  Rolls, 

Plates,- — The  largest  masses  mlled  in  iron 
arid  steel,  and  which  range  in  thickneiis  fn>ni 
above  }  in,  up  to  alxmt  2  in.  They  are  rolle<l 
to  much  larger  *iimensions  in  steel  than  in  iron. 
Piling  is  necessary  for  iron,  but  ingots  are  used 
for  steel,  which  is  the  reason  why  tlie  latter 
can  l)e  rolled  larger  and  much  more  cheaply, 
Tl  le  \ms  i  s  of  1  \  m  its  is  1 1 le  avfa,  Tl  le  a  rwi  d  i  v  ided 
by  the  length  giAcs  the  'width  of  a  plat^  that 
can  be  rolled  in  an^^  given  thickncBs,  and  the 
are^ji  divided  by  the  width  gives  the  length. 
In  steel,  the  real  limit  to  width  is  from  10  ft, 
to  13  ft.,  which  are  the  greatest  i^idths  that 
the  railway  companies  can  caiTy.  Plates  30 
ft.  long  by  3^  ft.  wide  are  used  in  shipyards, 
and  the  standard  plates  for  Lanca-shiit!  Unlers 
aiT-  now  22  ft.  long,  by  4  J  or  5  ft,  wide^  s<i  that 
the  rings  are  made  of  single  plates,  with  avoid- 
ance of  two  of  the  thi\j*e  longitudinal  seams 
i^'^juire*!  when  a  lie  It  took  three  hxm  plates, 
A  8nedshil1  iron  plate,  |  in*  thick,  was  of  80 


Fi g.  no.— Platf  M oti Kd ing, 

superficial  feet  arcii ;  a  |-in,  steel  plate  c^n  Ije 
rolled  of  250  ft,  area.  The  extras  are  aluo 
small,^  due  to  difference's  in  manufacture.  The 
siae  of  a  pile  is  sevei-ely  limited,  that  of  an  ingot 
is  !io  gi'eat  that  it  pays  to  roU  large  plates  from 
m^ksHtve  ingots,  and  cut  them  up  into  smaller 
1 1 1  ates.  W  i  til  pile(  I  plat^s^  1 1  le  1  osses  eo  nseij  w  t  ■  1 1  \ 
m\  sheaiing  the  eclges  are  greater  than  on  steel 

I  "l  I  k4 

■1  ikpe  lulled  directlv  from  the  ingot,  or 
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sometimes 

'»f  Whip 

machine 


they  are  cogj;;ed  first  in  a.  slabbing  mill,  pot 
into  a  reheating  furnace,  and  then  rulled  finally. 
A  nriodeiTi  mill  is  capable  of  turning  nut  from 
1,000  to  1,500  tons  per  week.  Plates  increase 
in  thicknejjs  by  sixteenth!!  of  an  inch ;  some- 
times by  twentieths,  as  in  the  ease  of  ship  plates. 
Limitations  in  weight  are  Hpecified,  and  some 
firnivS  order  plates^  by  weight  per  square  fot>t. 

Plate  Shears. — Wide  Shearing  Ma- 
chin  esi  f">i'  tiiminiug  the  edges  of  platen. 

Plate  Straightening;  Machine-  —  See 
Flattening  Rolls. 

Platform    Crane*  —  A    term 
applied    to    the    independent    type 

Crane. 

Platform    Scale.— A    weighin, 
wliich  is  self-eout^iinedj  having  the  arm  pillar 
bolted  to  the  end  uf  the  weighing  [ilatff>rm. 

Plating. — Strictly  the  wxirking  un  plat'C^s 
and  Imrs  used  for  bridge  and  girder  work,  and 
the  plater  is  the  man  whose  duties  are  thus 
reatrieted.  But  it  also  includes  in  practice  the 
work  of  the  angle! ron  smiths,  the  riveter.s, 
and  the  machine  hands.  The  materials  used 
are  steel  and  iriin.  The  w^ork  inv^ohes  marking 
out,  templeting,  cutting,  straightening,  bending, 
flanging,  welding,  punching,  drilling,  riveting. 
But  each  of  these  operations  is  now  can'ietl  on 
by  distinct  sets  of  men^  though  many  platers, 
especially  aniong  the  older  hands,  are  capable 
of  undertaking  either  class  of  work. 

MarkitLij  out. — Tlii^,  in  mdst  shops,  nnd 
in\'ariably  in  the  largest,  is  the  w^ork  uf  a  man 
or  men,  who,  like  the  liners-out  in  the  machine 
shop,  do  no  other  work.  Work  is  marked  out 
on  the  tloor  or  on  drawing  Ixiards,  oii  the  sur- 
face of  the  actual  plates,  or  bars  to  be  cut,  or 
on  templets.  It  is  done  tc*  actual  working  hv/a\ 
and  involvefi  a  knowledge  of  the  simpler 
geometrical  problems,  and  the  methods  of  de- 
velopment of  the  eni^eh>pes  of  solids  from  plane 
figures.  A  know^ledge  ai  the  rules  of  mensura- 
tion is  also  necessary.  The  surfaces  of  drawing 
boards  are  painted  black,  and  lines  are  mai  ked 
with  chalky  the  chalk  line  being  used  for 
straight  lines.  Or  the  surfaces  are  whitened 
with  chalk,  and  Mack  lines  are  drawn  in  pencil, 
or  with  scnbfn',  Cimipass,  and  trammels.  Plates 
lire  whitened  wdtli  chalk,  or'^referably  with  a 
thin  solution  of  common  whiting  in  water 
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dried  off.  Pointed  instruments  as  scrihers  and 
compasses  are  preferaVvly  used  on  plates. 

TetHpletintf.— When  w^irk  is  repetitive,  due 
to  certain  jobs  often  recurring,  or  to  the  similar 
members  in  an  indi\Hdual  job  being  numerous, 
templets  are  made.  These  are  of  wood,  or  steel 
sb  eet.  Wood  is  1  ighter  bo  handle,  and  is  cheap,  bu  t 
I  oaes  its  ace  u racy .  It  is  s  u  itable  if  u  sed  i  n  narrow 
strips,  and  large  frames  4ire  niiide  with  narrow 
strips  halvpfl  at  the  corners  to  give  overall  sizes 
of  plates,  or  the  locations  of  rivet  holes.  Length- 
wise no  shr in  kage  takes  place.  S  trai  gb  t  grai  ned 
yellow  pine  is  the  most  suitable  material.  For 
long  service  ^teel  sheet  is  preferred,  as  being 
jjermaiicnt  in  shape,  and  dimensions,  and  stand- 
ing  the  rough  usage  of  the  shop.  In  large 
templets  this  is  framed  up  in  strips  and  welded 
or  riveted  at  the  cortiers.  Sometimes  a  first 
structure  is  first  built  upt  and  the  various 
members  are  used  as  templets  to  mark  off  all 
other  structures  of  the  same  kind. 

Cuftiit(f. — Platen  are  onlered  fmm  the  iron 
and  stoel  works  to  definite  dimensions  w^hich 
lea%e  allowances  for  planing  the  edges.  The 
Plate  Edge  Planing  Machine  is  nsed  for 
straight  edges.  The  lathes,  horiz*jntal»  or 
vertical,  for  circular  plates.  Holes  are  cut  by 
punching  out  the  centre,  ami  chipping,  or  ui 
machines  for  Oval  Hole  Cutting-  Bhearing 
is  practised  when  a  large  amount  of  matenal 
has  to  be  reuKned  from  an  edge,  but  this  is 
always  fi>llow^ed  by  planing  in  the  best  work. 
Bai's,  angles,  tees,  channels,  and  all  sections  are 
severed  and  triinmed  In  a  Cold  Sawing 
Machine. 

,*<trai{/k(smn^,  or  Lm^dling. — Plates  are 
levelled  by  the  hammer  on  the  Levelling 
Block,  or  in  Flattening  Rolls.  A  gotid  deal 
is  dune  by  hand,  for  which  ykill  is  requisite. 
It  is  open  to  objection  on  account  of  the  bruises^ 
and  the  injury  done  to  the  plate.  The  art  of 
straightening  consists  in  extending  the  metal  hy 
hammering  around  depresses  1  portions.  In  the 
flattening  rolls  the  extension  is  more  general, 
operating  over  the  whole  area.  All  levelling  is 
di»ne  cold. 

Bcttdimj. — Plates  are  l^ent  cold,  and  hot ; 
cold  to  large  curves,  hot  to  the  smaller  radii 
only.  The  work  of  the  Bending  Rolls  is  so 
gradual  that  thick  plates  can  be  readily  bent 
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cold,  but  nniall  cylinders,  such  as  cruRs  tubes 
and   uptake^^  must    be    heated.      Envelopes  of 

herical  objects  must  be  heated,  whether  done 

y  hand  or  in  hydrauHc  presses.     Any  sharp 

bendings,  8Uch  as  the  setting  out  of  fii^e-boxes 

[>und    the   &*mg   bo]e>s,    muRt    be   done   hi*t. 

LX^tional  forms,  as  angles,  tee#i,  channels,  are 
Irient  hot.  See  Angle  Iron  Work*  This  Is 
done  by  hand  against  i^uitulile  liending  blocks, 
W  ill  machines  containing  hui table  rolln. 

Flanglnq. — This  fipe  ration  is  performed 
UboriouBly  by  hand  work  in  &hort  heats  of  a 
fe^^   inches  at  a  time,  or  between  die^  under 


\%,  11 L — Em'tJlope  of  Conic  Frusimii** 

hydraulic    prea»iin.\      S***-    Flanging.       Tliin 
OfierAtion  has,  since    the  intrtxluction  of  mild 
[ttt^l,  tis.ken    the   place  %A  union  by  means  of 
liiigle   iroiL8.     Akin   to  ttanging  lh  the  setting 
I  down  of  tee??  and  angles  by  joggHng,  to  avoid 
fie  use  of  pile  king  strips. 
WtMintj. — ThLn   is   relegated   chieHy  to   the 
angle-iron  smith,  who  alfwi  welds  anther  rolled 
L'tion^    furnace    flues,    and    cniss    tubes   for 
filers.     The  two  last  are  mostly  done  now  by 
the  aid  of  power  hammers,  and  glut  welds  are 


preferrefl  tti  lap  weldeil  seams.  Plates  i\x^ 
seldom  united  by  welding  in  other  than  circular 
forms,  riveting  being  pi^feri^ed.  Bars  an*l 
rods  are  welded  to  their  eyes  for  tension  rods. 

Pw/ic/aTj^/.'— Tlie  relative  value  of  this  opem- 
tion  has  lessened  with  the  growth  of  mild  steely 
and  of  improved  methods  of  drilling.  Plates 
and  angles  for  the  be*st  work  are  seldom  punched 
now,  and  when  they  are,  reamering  is  insisted 
on,  and  drifting  forbidden.  Multiple  punching 
is  not  of  so  much  value  as  formerly,  beeause 
multiple  drilling  machines  are  more  common. 
Punching  by  portable  machines  in  sections  of 
work  in  large  progress  is  frequent,  but  rearaer- 
ing  follows  then,  in  strict  specifications. 

/?r{//in<7.^This  is  of  great  importance  in  a 
modern  shop,  but  the  work  is  seldom  done  by 
the  platers,  hut  by  drillers  who  do  nothing 
else.  A  large  number  of  maehmes  have  been 
designed  to  suit  bridge  and  girder  work,  some 
fixed,  many  portable.  Large  nnmbera  of  wall 
machines  are  usetl  tc^  operate  independently  on 
different  jobs*  or  on  a  single  long  plate,  bar,  or 
section.  The  stringency  of  specifications  relating 
to  drilling  and  reamering  lias  favoui'ed  the 
growth  of  portable  pneumatic  machines,  so  that 
parts  of  work  can  Ije  fitted  in  place,  and  drille*! 
and  riveted  in  siiu.  In  repetitive  work  the 
multiple  spindle  machines,  having  provision  for 
adjustment  of  centres*  ai-e  useih 

Rivetiiifj. — Machine  riveting  has  to  a  large 
extent  displat^  hand  riveting,  with  gi-eat 
red  net  ion  i  n  labo  u  r  cos  ta.  Th  e  hydraulic  system 
is  mostly  used  for  fixed  shop  nmchines,  but  the 
pneumatic  divides  favoui'  for  the  iKJi'tiiV>le 
machines.  Caulking  and  chipping  are  done 
by  the  same  agency, 

De  velopmeut^-  Co  iid*^ — E  n  velopes  of  c^mica  I 
figures  occur  with  frequency  in  the  work  of  the 
boiler- maker,  copfiersmith,  and  tinsmith.  Tliey 
are  amtmg  the  simplest  bodies  to  be  marked  out. 
The  envelope  of  a  cone.  Fig,  U  1  (a),  is  a  sector 
of  a  circle,  the  radius  of  which  e<|ua!s  the  slant 
height,  a-fj,  of  the  cone,  and  the  lengtli  of  arc  of 
which  equals  the  circumference  of  the  base,  a  a 
The  envelope  of  the  frustum  of  a  cone  has  t!ie 
dimension  just  named  for  the  h«kse,  and  for  the 
top  the  similnr  dimension  at  the  plane  of  trunca- 
tion, h-d. 

But  In  marking  out  sheets,  the  ciixjumferenee 
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is  not  reckoned  as  diameter  x  3*14159,  because 
of  the  difficulty  of  measuring  round  an  arc  of  a 
circle,  but  instead  the  method  of  stepping 
round  with  compasses  is  adopted. 

An  example  of  a  frustum  will  serve  also 
for  a  complete  cone.  In  the  right  cone,  Fig. 
Ill  (b),  it  is  required  to  obtain  the  envelope 
of  the  frustum  of  perpendicular  height,  ef. 
Strike  a  quadrant  a-e  of  the  radius  of  the  base 
of  the  cone  e-a,  and  divide  it  into  any  con- 
venient number  of  equal  parts.     J^trike  an  arc. 


I 


-4 


Fig.  112. — Envelope  of  Conic  Frustum. 

Fig.  Ill  (c),  a-c^  with  radius  oa  equal  in 
length  to  the  slant  height  of  the  cone,  and  divide 
off  a  length  equal  to  four  quadrants  by  using  the 
compasses  as  just  set  for  a  given  number  of  equal 
divisions.  Draw  the  line  c-o,  and  strike  the  arc 
h-d  with  radius  oh.  Then  the  segment  acdh 
will  be  the  envelope  of  the  frustum  of  slant 
height  Orh. 

But   there   are   cases    in   which  the   conical 
form    departs    slightly    from     the    cylindrical 
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shape,  making  the  apex  so  distant  that  it  iss 
impracticable  to  work  fi-om  it.  Then  ther 
method  of  triangulation  is  employed,  shown^ 
in  Fig.   112. 

In  this  figure  (a),  a  is  the  larger  radius,  h  the:^ 
smaller,  c  the  perpendicular  height,  and  fi  th& 
slant  height.  Draw  the  arcs  e-«,//,  Fig.  112  (b)> 
to  the  radii  a  and  6,  and  divide  e-e  into  any  con- 
venient number  of  equal  parts,  1,  2,  3,  »fec.,  and 
prolong  the  divisions  to  the  centre  o  to  intersect 
f-f.  These  divisions,  as  we  saw  in  the  previous 
example,  are  for  the  circumference  of  the  base 
and  top,  and  the  question  of  slant  does  not 
affect  them.  By  the  triangulations  the  length 
of  slant  face  is  to  be  obtained  thus :  Erect 
a  line  e-d  perpendicular  to  e-l',  and  set  off  on 
it  the  length  e-d  equal  to  the  perpendicular  c 
in  Fig.  112  (a).  Join  «-c?,  and  the  length  t-d 
will  be  the  length  of  the  slant  height  d  in 
Fig.  112(A). 

To  obtain  the  enveloping  plate,  Fig.  112  (c), 
draw  a  line  e-f  of  the  same  length  d  as  the  slant 
height  d  in  Fig.  112  (a).  From  c,/ strike  arcs 
e-1,  and  e-\\  with  radii  corresponding  with  those 
similarly  lettered  in  Fig.  112  (b).  With  the 
length  e-d  as  radius  strike  arcs  from  «,  f 
intersecting  those  first  drawn.  Repeating  the 
radii  and  starting  from  1,  1'  as  centres  find 
successive  points  of  intersection  2,  2',  and 
so  on  until  the  length  of  the  envelope  is 
completed.  Then  curves  drawn  through  these 
intersections  will,  with  the  end  lines  complete 
the  envelope.  Allowances  for  joints  or  seams 
must  be  added. 

Plates  for  conical  fire-boxes  are  also  marked 
out  as  in  Fig.  113.  Set  out  the  lengths  orb 
and  C'd  equal  to  the  circumference  of  the  box 
at  top  and  bottom  without  the  riveted  seam, 
and  at  the  distance  e,/  apart,  equal  to  the  slant 
height  of  the  box.  Draw  lines  a-c^  b-d,  and 
raise  perpendiculars  from  each,  meeting  at  tf. 
Set  off  a  point  h  nearer  to  f  than  f/  in  the  pro- 
portion of  4  to  5  and  draw  the  curve  a-h-b  with 
a  lath.  Draw  the  curve  c  to  d  parallel  with 
it,  completing  the  outline  of  the  plate. 

Curves  of  Large  Radius. — These  occur  in 
boiler  work,  in  pattern-making,  and  in  laying 
out  templets  of  various  kinds  for  bending,  or 
cutting  by.  As  the  location  of  a  centre  for 
striking   such    curves    is    impracticable,    other 
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methods  are  adopted.     The    usual    device    is      curve.     The  ti*acer  pin  must  be  the  third  point 
shown  in  Fig.  114.  c  of  Fig.  113,  equal  to  the  height  of  the  versed 

Let  ABC  be  three  points  in  the  curve.     The      sine. 


^ 


^ 


Fig.  114. 


Fig.  113. 


Fig.  115. 
Curves  of  Large  Radius. 


height  of  the  vei-sed  sine  c  of  the  chord  may 
be  already  known,  or  it  may  be  obtained  from 
the  length  of  chord,  thus : — 

Versed  sine  =  r  -  ^/r-  -  c-, 

where  R  is  the   radius, 
and  c  half  the  chord. 

Draw  a  line  parallel 
with  AB,  and  passing 
through  c.  Connect 
AC,  BC.  From  c  as 
centre  with  radius  ca, 
CB  draw  the  arcs  ae, 
BF.  Divide  ae,  bf 
into  any  convenient 
number  of  equal  parts, 
1,  2,  3,  4,  «kc.,  and  draw 
lines  from  these  to  c. 
Divide  ce,  cf  into  the 
same  number  of  equal 
partes  as  ae,  bf,  and 
the  intersections  of  these 
two  sets  of  lines  will 
give  points  in  the  curve 
required. 

Another   way    is    to 
screw   three  straightedges  together,  Fig.   115, 
and  slide  them  against  pins  fixed  at  the  extre- 
mities of  the  chord,  and  then  with  a  tracer 
pin  set  in  the  apex  a  of  the  triangle,  mark  the 


Many  large  curves  are  regularly  struck  in 
the  work  of  the  various  shops  by  bending  laths 
or  strips  of  wood,  preferably  of  square  section, 
guided  by  points  located  at  intervals,  and 
marking  along   the   edge   of   the   lath  with  a 


I  -■  .\  5  ^  f>^t^V^.  V"  ^  *  ^^  WJJkjV-'  ^ 


i  if:  f  ii      ■  S  !  ^  ]  t 


Fig.  lUi. — Cyliiulers  Meoting  at  an  Angle. 


scrilDer  point.  In  wtx)d-work  the  lath  may 
bear  against  nails  diiven  in,  and  standing  up  a 
half  inch  or  inch.  On  metal  sheets  the  lath 
must  be  held  by  the  hands,  or  clamped  down 
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when  practicable,  or  laid  against  weights.  A 
stiff  lath  that  can  just  be  bent  conveniently 
to  a  radius  will  give  more  accurate  results  than 
a  flimsy  one  that  will  show  kinks  and  irregular 
curvatures. 

Cylindrical  Bodies, — These  occur  constantly, 


Fig.  117. — Development  of  Cylinder, 
Cut  Obliquely. 


being  fitted  at  various  angles  and  to  flat  or 
curved  surfaces  and  against  other  cylindrical 
bodies.  The  principle  of  development  is  simple, 
and  is  illustrated  by  Figs.  116-118.  Essen- 
tially it  consists  in  drawing  the  enveloping 
sheet  as  though  unrolled.  The  circum- 
ference is  divided  into  any  number  of 
equal  parts,  and  on  each  part  a  length 
is  measured  corresponding  with  the 
length  taken  on  the  corresponding  line 
of  equal  divisions  marked  on  the  plan 
of  the  article.  The  diagrams  illustrate 
constructions  which  are  self-explanatory, 
and  typical  of  many  others  which  occur 
in  practice. 

Platinum  (Pt;  193-3;  sp.  gr.,  21-5; 
sp.  heat^  -033  to  -038 ;  melting  point,  3,080'  to 
3,500"  Fahr. ;  coefficiency  of  expansion  by  heat, 
•000005  ;  weight  in  lb.  per  cubic  foot,  1,344  lb.; 
per  cubic  inch,  ;755  lb.) 

Platinum  is  one  of  the  rare  metals  and  occurs 
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always  native,  but  alloyed  with  other  metals 
such  as  palladium,  rhodium,  osmium,  and 
ruthenium.  It  is  malleable  and  ductile, 
possesses  a  bright  white  colour,  is  very  in- 
fusible (hence  used  for  crucibles  and  evapoi-at- 
ing  basins),  and  is  unaffected  by  acids  or  oxy- 
gen. When  finely  divided, 
platinum  possesses  the  pro- 
perty of  condensing  gases  on 
its  surface ;  the  consequent 
raising  of  temperature  thus 
makes  the  metal  valuable  in 
the  self-lighting  mechanism 
for  incandescent  gas  mantles. 
"^::.  Its   coefficient    of    expansion 

being  nearly  equal  to  that  of 
'  ...'.••:.  glass,  platinum  wires  may  be 

sealed  into  glass,  as  in  electric 
glow  lamps,  without  fracture 
when  cooling.  Platinum  is 
also  used  in  the  touch-hole«  of 
small  arms  and  cannon,  owing 
to  its  power  of  resisting  corro- 
sion, also  in  electrical  work  for 
contacts.  Commercial  plati- 
num is  alloyed  with  iridium  to 
increase  its  hardness. 

Plenum  Processes,  from 

Lat.  PlenuSj  full. — Denotes 
the  opposite  to  vacuum,  and  relates  to  certain 
pressure  systems.  In  caisson  work  it  signifies 
the  method  of  excavating  in  compressed  air. 
See  Caisson.  In  systems  of  ventilation  and 
heating  it  denotes  pressure  systems  as  opposed 


i  i : !  n  i  j  i  i   i  I  i  i !  1  i 

U.  ■   ■  :   :   J   ;       t  '  1  -  *      ^  J. 


1 18.  -  Cylinder  Fitting  a  Larger  C3'linder  out  of  Centi-e. 


to  those  in  which  exhausting  or  vacuum  fans 
are  employed.     See  Ventilation. 

Pliers. — Pincer-like  tools,  having  jaws  sha^^ed 
specially  for  gripping,  or  for  cutting.  Ordinary 
pliers  have  flat-faced  jaws  adapted  for  holding 
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ny  kind  of  strip,  or  wire,  at  id  cuttlog 
i Deluded  at  tme  side*  For  working 
on  fine  pic-ces,  or  in  confineNl.  spaces,  flat  or 
i*utid-uosed  pliers  are  employed ;  they  are 
ipered  off  thin  and  narr-ow,  but  are  of  course 
tit  w«>  powerful  a«  the  onlinar^'  tiwils.  For 
Abiding  gas  tube»  and  rough  rods,  gas  pliers 
used«  unth  concave  recesses  in  the  jawsj, 
*rme*!  "with  serrations  which  ^p  the  work 
inly  and  prevent  it  from  turning,  A  stnTW- 
river  blade  is  often  foniied  on  the  end  *if  one 
iridle  to  serve  for  emergency  use.  Pliers  u^etl 
tmly  for  cutting  are  s*>metimes  conatructed  with 
tilt?  jaws  at  the  ends  of  the  nttse,  and  detachable 
for  the  pui-po&e  of  sharpening  or  rephicemeut 
in  cayie  of  fracture.  Belt  pliers,  used  for  per- 
foimting  hi>le«  in  the  ends  of  belts,  ha\  e  li  punch 
and  a  bolster  by  meanis  of  which  holes  ciin  l?e 
rapidly  iimde. 

I*lillth, — ^The  square  member  which  forms 
ti>e  lower  diviaion  of  the  base  of  a  column. 
•S^*-  illustration  of  Tuscan  Q^luinn  under  Archl- 

tecture  VoL  I.,  p.  175. 

The  projecting  face  at  the  foot  of  a  wall  just 
almvc  ground  is  also  called  a  phnth. 

Plotting.— Laying  down  certain  lines  and 
cnrves  on  ^uared  paper,  ti>  show  in  a  graphic 
s&nner  any  of  the  problems  that  ari.se  in 
jg'ineering.  Tlie  vertical  and  horizontal  lines, 
tltnate^,  and  ab?^iasie  respectively  may  stand 
>r  anything  i^uiretl ;  loads,  pressures,  ten.sions^ 
nipai^ure^,  times,  ».te.*  and  the  lines  drawn 
irough  these  show  at  a  glance  the  re?*ult  of 
tie  correlatitm  of  two  set.^  of  figures* 

plough- — ^A  plane  used  by  joinei's  for 
fling  the  grooves  for  paneU  and  t-ongues. 
ia  one  ol  his  \x%Ky&%  expensive  tools,  its 
nf  ranging  from  about  12s.  to  £2,  The 
ifltli  of  the  groove  it  ptanes  in  fixed  l)y  the 
idth  of  the  cutting  iron  used*  and  therefoi*e 
1*in£rhs  are  provided  with  a  set  of  irons  of 
different  wirlths.  The  plane  has  an  a<^lj notable 
£eii0H  whicli  IS  set  at  the  same  distance  from 
'  iron  aj*  thegroti\e  is  I'equired  from  the  edge 
the  wood.  The  deptli  of  the  groove  is  fixed 
W  a  **tcip,  which  i^  mised  and  lowered  by  a 
Ujiimb^rew  on  top  of  the  plane,  A  met^il 
ate,  loss  in  thickness  than  the  widtli  of  the 
[iwest  iron,  be^rs  on  the  bottom  of  the 
^fTOOve  and    regulates    the    thickness  of    the 


shavings.  Tlie  iron  is  wedgeil  in  the  oi'dinary 
way,  but  its  upj>er  end  is  hooked  so  that  it  can 
be  knocke*!  Ijack  with  a  hammer.  The  fence 
is  adjusted  eitlier  with  wedges  or  screws. 

Plough— AijrwdiuT€,^\n  agriculture  thisi  is 
an  implement  for  cutting  up,  turning  o^er,  nwA 
Kwseni ng  the  soil,  preparatory  t*>  sowing  seed. 
Ploughs  ai-e  usually  drawn  either  by  animal 
power,  or  by  wire  n>pes  winding  on  drums 
mounted  on  self-mo\4ng  engines.  The  gixjuod  is 
pUmghed  into  a  series  of  furn>ws  by  starting  at 
one  corner  of  the  field  and  ploughing  along  one 
side  and  then  back  in  the  opposite  direction. 
The  fuiTow  is  cut  by  the  share^  an*i  the  eurtli 
is  turned  over  by  the  twisted  breast  or  mtmUl 
board  which  forms  a  continuation  of  the  shaj^e. 
In  its  simplest  form  a  plough  has  no  wheels, 
the  work  done  tieing  controlled  by  the  man  at 
the  handles.  This  is  called  a  swing  plough. 
When  steel  ploughs  wei^  introduced  they  were 
mounted  on  wheels,  the  small  one  travelling  on 
the  land,  and  the  larger  one  runnitig  hi  the 
furrow ;  the  former  i^gulated  the  depth  of  tlie 
furrow.  For  most  purposes  these  are  a  consider- 
able improvement  over  the  old-fashioned  swing 
plough,  A  plough  may  be  either  single  or 
multiple,  that  is,  it  may  have  a  single  share 
t^  cut  one  furrow  at  a  time,  or  it  may  huAe 
two  or  more  shai-es  to  cut  a  number  of  furrows 
simultaneously.  The  latter  variety  are  used 
chiefly  when  steam  power  i«  employed  for 
drawing  them.  Where  steam  power  is  em* 
ployed  the  plough  is  of  the  balanced  tyjie 
carrying  two  separates  sets  of  shares,  one  set 
for  working  in  one  direction,  and  the  other  set 
for  working  the  opposite  way,  so  that  the  body 
of  the  plough  is  not  swung  round  when  the  end 
of  a  furrow  is  i*eached,  but  the  ?^hares  that 
ha^e  reachetl  the  end  of  their  furi'ows  are  raise<l 
into  the  air,  and  the  reverse  set  lowered  for 
working  back.  The  plough  is  shifted  laterally 
the  width  of  the  land  ploughed  at  the  last  bout, 
tlie  furrow  wheel  returning  in  the  last  furrow 
cut,  serves  as  a  guide  for  the  steersman  during 
the  I'eturn  bout.  The  shares,  breasts,  ^.^  are  ao 
constructed  that  the  land  is  always  turned  over 
one  way  in  whichever  directitm  the  plough  may 
l^e  worked.  The  width  and  depth  of  furrows 
vary  considerably  according  to  circumstances 
and  the  kind  of  tillage  required.     For  cereid 
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crops  the  fiiiTow^  may  be  fivni  9  in.  tci  15  in. 
wide  by  6  iu,  to  12  in,  deep,  and  for  deep 
ploughing,  .such  fu  in  forest  lands,  and  in  sugar 
and  vine  t^ultivation,  the  furi'Ows  may  Iw  from 
16  in.  to  20  in.  wide,  and  about  the  same  depth. 
Shares  are  made  self- sharpening  by  chilling 
their  iintler  surfu^ees,  so  tliat  the  .soft  np|>er 
part  weJirs  more  fjuickly  and  leases  a  thin 
edge  corresponding  with  the  thickness  of  the 
chilh 

The  best  metlnKl  of  utilising  steam  power  for 
ploughing  is  to  stjition  two  tmction  engines, 
one  at  each  side  of  the  field,  and  haul  the 
plough  frt^m  one  to  the  other  alternately  by 
wire  rope  on  horiz4:>ntiil  di'ums  l^eneatJi  the 
engines.  The  engines  stand  at  right  angles 
to  the  direction  of  plougliing  and  ai^  moved 
forward    by   degrees   to   corres|)ond    ^^ith    the 


are  lm*ned  up  at  one  lx>ut.  On  i^ea^hing  the 
end  of  the  lield  the  machine  is  swung  round 
to  revei'se  it^  and  by  means  of  gejinng  the  eight 
ploughs  autcunatically  turn  over  in  readiness 
for  the  next  traverse*  In  the  view  the  hauling 
engine  is  .seen,  towards  which  the  plough  v<> 
travelling. 

Cultivators  may  l>e  employed  after  the  land 
lias  been  plongbcd  to  further  disLntegrufce  it 
anfl  allow  for  thorough  aeration  :  in  &ome  caaef* 
hnplements  such  as  hoes  or  scuffle i*s  may  be 
^vorked  between  n>ws  of  crops  for  the  purpose? 
of  de*jti*oying  weeds  and  improving  the  soil. 
In  the  ordinary  cultivator  for  breaking  the  soD, 
the  main  feature  is  a  number  of  curved  tines 
carried  on  a  framework,  supported  on  two  or 
three  wheels,  tlie  tines  being  titter  1  with  points 
wbirh   vary  in   form.      In   some  cases  spring 


^^ 


Fig.  12L  — PUigand  Ring  (iangew. 


width  of  land  ploughed  at  each  ix>ut  I'be 
engines  alternately  haul  and  pay  out.  One 
engine  only  is  sonietimes  used  by  carrying  tlie 
rope  round  an  anchor  at  the  opposite  sifle  of 
the  tield  and  winding  alternately  in  oppijsit^ 
directions.  Ploughs  ai-^  sometimes  drawn  by 
motors,  hut  on  hilly  and  heavy  ground  these 
cannot  be  depended  on,  and  moreover  it  is 
dessirable  that  as  little  weight  as  possible  should 
travel  over  the  ground. 

Fig.  119*  Plate  IX.,  shows  a  deep  single- 
furrow  plough  breaking  up  land  previous  to 
planting  it  with  trees.  The  trailing  wire  mpe 
is  seen  to  the  left,  the  other  portion  witij  the 
batiling  engine  lieing  Jiidden  by  the  fixmt  part 
of  the  plough.  Messrs  John  Fowler  k  Co.,  Ltd., 
have  de%' eloped  a  form  of  plough.  Fig.  120, 
Plate  IX,,  hv  means  of  which  eight  furrows 
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tines  ai'e  used,  which  have  a  rather  giieater 
e^ect  upon  the  soil,  shaking  and  lifting  it  in 
a  live  manner  which  is  very  conducive  to  wee*i 
f  lest  11  lying. 

Plug- — The  movable  centiT  in  the  bottom 
of  a  converter,  which  contains  the  tuyere  hole^. 
,SV^  Bessemer  Converter,  The  centre  mov- 
able pa  it  *»f  H  gas  or  water  cfvck^  which  forms  a 
frustum  of  a  cone,  A  plug  of  clay,  nr  core  of 
sand  is  used  for  closing  a  flow-i>ff  gate  or  riser, 
during  tbc  time  of  pouring. 

Plug  and  Ring  Gauges.— The  cylindric^d 
gauges  f4*rm  a  convenient  means  of  tt*Hting  the 
sizes  of  turncii,  bored,  and  ground  wt>rk,  in  a 
more  aecurat-e  mamier  than  by  ordinary  caliper- 
ing.  They  i>ossess  the  advantage  of  completely 
filling  the  hole,  or  encircling  the  spindle,  so 
that  the  roundness  or  otherwise  is  testeth     The 
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ivlative  JKrcurttcy  of  cylindrical  gauges  depends 

01  tlie  class  of  work  for  which  they  are  required. 

IW  commoner  kinds,  for  rough  worfc^liop  u.se, 

■re gnamnteed  to  be  accurate  within  aljout  one 

[S,00(lth  part  of  an   ineh,  while  others  range 

froni  one  5,000th  or  10,000th  fa»  one  30.000th. 

Tbesf-  In  tier  are  not  used  no  much  ior  the  direct 

I  l*stinjaj  of  work,  as  for  refercncOp  in  setting  and 

I  nlJQstring  calipers  of  variouif  kiiids^  so  that  the 

tflQgtt  are  not  subjected  to  appreinable  we-ar. 

Thf*  ordinary  pattern  of  gauge  ia  that  fcthowii  in 

FijT,  12  [,  ,\  ;  the  knurling  on  the  Imndle  and  the 

My  affords  a  fimi  grip  for  the  handit.     Ilie 

ftiflier  practice   was    to    lea'^'e    these    surf  aces 

plain.     Tlie  diameters  of  plug  and  ring  gauges 

f*nge  from  ^  in.  to  6  in.,  or  larger  in  some 

io«tances,     Tlie  smaller  sizes  up  to  about  2  in, 

*re  usually  of  steely  and  above  that  of  cajit  iron, 

I  "It  sunie  inatiufacturers  nae  iitteel  alone. 


vvoixl  with  whicli  the  pluiub-liiif  Ls  incotpuraled, 
anil  one  edge  of  the  rule  is  laid  against  vei'tical 
faces  of  work  to  test  its  accuimcy.  A  phmib- 
level  \^  a  spirit-level  which  has  a  bubble  tul)e 
at  one  end,  by  which  the  vertical  truth  of  faeea 
is  cheeked. 

Plumbago* — Also  callefi  blacklead  ur  gra- 
phite, is  one  of  the  allotr^fpic  foruis  of  carl>on. 
It  contains  impurities^  ht»w^evert  and  sometimes 
these  form  a  fairly  large  percentage*  It  4»ecur8 
in  Ccvlon,  North  America,  and  8iSieria,  ii.m\ 
at  B«>rrowdale  in  Cuml>erianih  Tt  \^  alsii 
present  in  east  it'on,  and  is  produced  eonimerei- 
ally  by  heating  coke  in  the  electric  furnace. 
It  has  a  greyish'black  metallic  colour^  and  i,s 
greasy  to  the  t*>uch.  Sp.  gr.  !J15  t^>  2*35.  It  is 
a  gtMid  conductor  of  electricity*  Being  \^Tf 
incombuHtible,  it  is  mixed  with  clay  in  the 
manufacture  of  crucibles.     It  ii  aJso  used  as  a 


"m3 


Fig*  122, — Pnminiatic  Hftmracr,  employed  for  O^ulktng  ami  Chipping 


^Vhen  the  gauges  ai^  used  for  reference  only, 

***  t:«st  other  gauges,  they  are  conveniently  mode 

**^    %tepped  form,  Fig.   121,  b,  c,  to  be  held  in 

^^  hand,  as  in  the  first,  or  to  stand  on  a  Ijiench, 

m^     io    the    second.     Each    diameter  is  a  ring, 

K^^^und  and  strung  on  a  central  arlior.     8ejMirate 

^*^€»  are  also  employed,  to  be  held  on  han^iles, 

^^  \.\w  manner  illustrateil  in  t^     Limit  gauges, 

N  iiave  the  large  nnfl  small  diameters  at  opposite 

"^'ids.     Tapen*  are  tested  by  the  gauges  in  Fig. 

^-1,  If,  tnafle  to  the  Morse  or  other  standards. 

Plumb- — Vertical,  perpendicular,  the  coTi- 
'^ition  aHsumtni  by  a  string  loadcnl  with  a  weight, 
^Jid  at  rBst.  This  constitutes  the  pluml>lKjljH, 
which  is  u»ed  for  locating  perpendicular  faces, 
and  centres  when  the  bob  is  jirt^vide^l  with  a 
centre  point.  The  tt*rm  plumb-line  is  aft**n 
appliarl   to  this.      A  plumb- rule  is  a  strip  of 


lubricant,  as  ti  foundry  blaekingf  and  of  course 
for  black  lead  pencils. 

Plummer  Block.— ^SV^^  Bearings* 

Plunger.  A  term  fi^qut^ntly  given  t^*  tlie 
[listim,  or  rum  of  a  force  jmmp. 

Ply. — A  term  v^hich  signihe>£  layei-s^  iv^  the 
number  of  thicknesses  wliich  make  up  a  cotton, 
Mv  india rubber,  or  canvas  l>elL  Also  signifies 
t<*  1m?  nd. 

Pneumatic  Caulking  Tools,  Pneu- 
matic Chisels^ — The  pneumatic  hammer  is 
eiiiph>ycil  t"i  peit\»rm  the  functitms  Kith  of  caulk- 
ing and  of  chipping,  the  tmly  fliffei^eiice  lieing 
in  the  form  of  the  tools  used  in  it*  Fig.  122 
is  an  example  by  the  Pneumatic  Engineenng 
Appliances  Co»,  Lt<L  The  cylinder  a,  which 
is  comparatively  ^htjrt,  liold»  the  chisel  nhank 
1*  in  a  socket  at  the  end,  where  it  is  struck 
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by  the  piston  c.  The  air  enters  through 
the  handle  d,  by  way  of  the  aperture  e,  up 
the  passage  and  past  the  valve,  when  the 
latter  is  opened  by  pressing  the  thumb  trigger 
G,  throiigh  the  opening  F,  so  fortjing  the 
valves  J,  .T  out  ward  Sj  letting  the  air  through 
the  ports  «,  «,  and  driving  the  pist*>n  until 
it  strikes  the  chisel  end,  which  is  the  stage 
represented  in  the  drawing.  The  ports  6,  h  are 
thus  dosed,  and  live  air  is  admitted  throagh 
ports  and  passage  c  around  the  recess  of  the 
piston,  and  into  the  passage  c?,  and  acting  on 
the  larger  area  of  the  valves  J,  J,  forces  theni 
inwards,  and  the  air  prefcsure  in  cylinder 
escapes  through  the  port  f  into  the  pasaage  §f, 
antl  through  exhaust  holes  in  the  handle  to  the 
atmosphere.  At  the  same  time  live  air  is 
atlmitted  through  small  holes  in  the  lower  valve 
J,  through  hole  A,  along  the  dotted  passage  and 
by  j  into  the  chamber  in  front  of  c,  driving  it 
backwanis ;  as  sewn  as  c  has  passed  the  portu 


Pneumatic  Chuck. — Compressed  air  has 
been  applied  for  gripping  pieces  of  work  in  jigs, 
as   a  more   rapid   and    equable    method   than 


' ^-L \.:^.A L J 


Fig.  123.— Pneumatic  Drill. 


6,  6,  the  air  pressure  behind  c  escapes  into  the 
holes  and  passages  ^,  /,  and  through  into  the 
handle  to  exhaust.  When  this  has  occurred, 
the  live  air  which  is  constant  in  h  enters,  and 
another  cycle  is  gone  through. 
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tightening  up  bolts.  The  Pratt  &  Whitney 
Co.  use  it  in  some  of  their  jigs  for  clamping 
pieces  of  work  to  be  drilled  or  otherwise 
machined.  In  one  case  bolts  are  operated  by 
air  cylinders,  which  draw  them  down  against 


Pne 


PRACTICAL   ENGINEERING, 


Pne 


the  work,  and  hold  it  securely  by  the  simple  air  motor  to  driving  a  portable  drilling  machine, 

movement  of  an  air  valve  lever,  without  risk  followed  upon  that  of  the  early  steam  machines, 

of  excessive  or  uneven  pi'essure  being  exercised,  which  suffered  from   the  troubles   inseparable 

which  might  cause  the  object  to  be  distorted  from  condensation  in  the  pipes,  *fec.     Air  power 

or  strained.     In  another  case  the  air  pistons  is    much    more     convenient    and    economical^ 


Fig.  124.— Pneumatic  Drill. 


operate  rocker  arms,  pressing  against  the  work,  although  it  is  rivalled  by  that  of  electricity ; 
and  holding  it  up  against  a  prepared  face  which  but  when  fii*ms  have  an  installation  of  air- 
locates  it  accurately  ready  for  the  machining  compressing  plant  for  supplying  pneumatic 
operations.  hammers,  it  is  generally  found  that  pneumatic 

Pneumatic  Drills. — ^The  application  of  an     drills  are  also  employed.     The  method  of  driving 
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is  by  'means  of  small  cylinders,  of  fixed  or 
oscillating  type,  working  by  connecting  rods 
on  to  a  crankshaft,  which  is  geared  to  the  drill 
spindle.  The  small  machines  have  two  cylinders, 
the  larger  ones  frequently  four.  An  example 
of  the  former  class  is  given  in  Fig.  1 23  from  the 
practice  of  the  Howard  Pneumatic  Engineering 
Co.,  Ltd.  The  cylinders  a,  a  are  of  oscillating 
type,  and  are  worked  by  the  air  passing  through 
a  valve  block  b  between  them,  ports  being 
opened  and  closed  by  the  oscillation  of 
the  cylindera  on  tlidr  trunnions.  Tiie 
dii-ection  of  motion  is  reveri^  by  altering 
the  handle  c,  wliich  movea  over  a  quadmnt, 
tu  which  it  can  be  Icxiked  by  a  spring 
collarj  and  modifies  the  [kksi- 
lions  of  the  ports  in  the  block 
II.  The  air  ho&c  is  screwetl  on 
to  the  end  c,  and  the  supply 
turned  on  or  off  by  twiz^ting 
an  outer  knurled  sleevD,  which 
make^-^  or  breaks  conimunicu- 


casing  or  body,  a,  and  are  placed  in  pairs,  at 
right  angles.  The  pistons  b  actuate  ball-ended 
connecting  rods,  which  drive  the  two  crank- 
pins  of  the  shaft  d,  running  in  spherical  bushes 
at  the  ends,  and  also  in  an  intermediate  bearing, 
above  a  pinion  E,  driving  a  wheel  f,  keyed  to  the 
drill  spindle  g,  provided  with  ball  thrust,  and 
feed  screw  h  ;  an  extractor  pin  j  inside  enables 
the  operator  to  eject  the  drill  from  the  taper  hole 
in  G.  When  the  machine  is  to  be  employed  for 
light  work,  as  in  wood,  the  grip  handle 
K  is  atirewed  on  in  place  of  h,  Tt  will 
be  seen  that  there  is  an  eccentricp  L,  on 
the  Eihaft  d,  and  this  actuates  rods  u, 
coupled  to  Corliss  valves  N,  n,  which 
control  the  admission  and 
cut-off  of  aif  to  the  cyiindei^. 
The  reversal  is  effected  by 
raising  the  valves  bodily  in 
their  seats  J  to  bring  another 
net  of  ports  into  position, 
by  means  of  one  of  the  steady- 


^J         >'  ig.  1 25.  -  -1  'ijt'Uiiiat  ie  UrilL 


tioji  between  the  t^vo  chauiljera  in  the 
Imndle.  The  connecting  rods  of  the 
jiistonn  work  4>n  to  the  crankshaft  K, 
which  is  coupled  by  back  gimi's  to  the 
drill  spindle  f,  fitted  with  a  ball  thrust  collar, 
and  a  feeding  screw  g,  on  which  the  star 
handle  n  and  the  pointed  end  allow  of  pressure 
being  taken  from  a  drilling  pillar,  or  other 
suitable  thrust  piece.  The  ratio  of  reduction 
from  the  crankshaft  to  the  spindle  may  be 
varied  by  substituting  different  spur  wheels  on 
the  respective  shafts. 

Fig.  124  illustrates  a  fuur-cylinder  machine 
by  the  Consolidated  Pneumatic  Tool  Co.,  Ltd. 
The  cylinders  in  this  case  are  formed  out  of  the 
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'  ing  handle+i  o,  whicli  has  a  knurled  sleeve 
p  having  teeth  meshing  with  a  small 
pinion  on  a  shaft  operating  a  rod  Q 
attached  to  a  cross-bar  ii,  each  fend  of 
which  is  connected  to  the  tops  of  the  Corliss 
valves.  The  air  is  brought  in  through  the  end 
s  of  the  handle  o,  and  turned  on  or  off  by 
rotating  the  sleeve  t,  which  causes  sets  of 
drilled  holes  to  open  or  close,  u  is  a  chuck 
used  for  holding  square  shank  drills,  and  v  a 
tapping  socket. 

These  drills  are  made  in  six  sizes,  the  smallest 
having  cylinders  \\  in.  bore  by  1  in.  stroke, 
and  the  largest  2j;  in.  by  2  in.,  developing 
respectively  HP.  of  1,  and  3 J.     The  spindles 
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^lotiAte  ftt  600  and  1^0  involutions  per  minute 
Respectively,  and  the  weights  are  20  and  70  lb. 
A  ocimpfit^t  and  convenient  shape  of  machine 
k  that  of  the  Boyer  drill.  Fi^.  125  (the 
Consolidated  Pneumatic  Tool  Co,,  Ltd.),  the 
bodr  A  Isebig  of  eireular  form  ^vithout  itngular 
priijectitinsi.  There  are  three  single-acting 
eylinderat  B,  whieh  move  around  a  fixed 
f  lankpin,  the  piHt<)ns  being  made  ivith  shgrt 
ixids  fitting  with  ball  bearings  to  tlie  pin  t^ 
lie  ends  of  the  cylinders  b  have  pivot  pins, 


handle  a  serves  to  control  the  air  supply  in 
a  manner  alrej^ly  described.  The  coupling  fur 
the  rtexible  hose  connecting  it  ttf»  the  end  of  j 
\%  shown  at  K. 

Tlie  air  pi-essure  euiployeil  for  pneumatic 
drills  ranges  from  40  to  80  Ik  dej]>endtng  on  the 
chai-acter  of  the  work\  whether  light  or  heavy » 
Tlie  operations  carriefl  out  ai^  not  necessarOy 
confineii  to  drilling :  i^earning^  countersink ing, 
tapping,  and  tube  exjianding  are  done  with 
machines  of  various  types.  When  tapping,  the 
drills  are  held  in  the  hands,  Ts-ith  m  without 
the  help  of  a  suspending  cord,  and  pushed 
up  sufficiently  to  let  the  tap  catch  ;  reaming 
usually  iwiuii*es  the  use  of  a  drilling  pillin\ 
to  steady  the  machine,  and  to  feed  from. 


TTextej 


ig  through  holas  in  a  frame  i> 
'liich  thus  rotates.  The  frame  is 
■nded  lielow  into  a  spun  die,  which 
vSi  hollow,  and  HtH  in  a  diaphragm  plate, 
through  which  the  air  cannot  pas^* 
It  can  unly  gel  fmin  tlie  cylimler 
dsAfnhpr  by  goi ng  th  n  lUgh  the  cy li Uflcrs 
Ibemsehcx,  and  then  cjthausts  through 
narrow  pa«*Kages  and  out  from  the  hollow  spuidle 
tenrtiou  ^if  1 1  \^\  the  atmosphere  by  way  of 
les  in  the  lowet'  casiug,  A  pinion  fa^^t  on 
the  lower  end  of  D  engages  with  wheels  i^,  E^ 
whidi  mesh  with  a  ring  of  teeth  inside  the 
lower  easing ;  these  wheels  fit  over  pins  in  a 
fj-ajjLte  F,  and  as  tliey  run  round,  revolve  F,  and 
fri»m  that  the  central  drill  spindle  <i.  The 
n^oal  feed   screw  is  indicated    by   n*  nud    the 


Fig,  12t#.  —  Frwjuaiatio  Qriuder. 


Pneumatic  Grinding  Machines-— These, 
made  of  small  size,  aie  ^cry  handy  for  fettUng 
ami  trimnung  purjioKeH  wlieie  it  is  inconvenient 
or  impossible  to  apply  the  work  to  a  B^ed  wheel. 
The  grinders  can  be  carried  to  the  work,  and 
uioved  about  over  irregular  surfaces  witli  ease. 
Fig.  126  sho^v%i  the  Whitelaw  machine  (made 
by  the  Consolidated  Pneumatic  TckiI  Co.,  Ltii,), 
fitted  with  a  10-in.  emery  wheeh  Here  a  pair 
of  oscillating  cylinder's  a,  a  drive  by  piston^s  and 
'  i^fls  n,  B  to  the  crankshaft  <%  on  the  enhirged 
end  of  which  the  grinding  wheel  d  is  mounted. 
Tiie  handle  below  admits  and  controls  the  air 
to  the  ports  set  Wtween  the  cylinder,  which 
cover  and  uncover  as  tliey  oscillate ;  the  other 
handle  F  a^brds  a  hold  for  the  workman  ti» 
steady   the   machine   as    it    is    moved   about, 

in 
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127. — LongMorth  Power  Hammer. 


Fig.  128. — Longworth  Power  Hammer. 
Section  through  Cylinders. ) 
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Another  type  of  machine 
is  made  with  the  wheel 
on  the  centre  of  the 
spindle,  midway  between 
the  frame,  and  the 
handles  project  from 
each  side,  giving  a 
balanced  hold.  Guide 
facings  are  often  screwed 
on  to  control  the  dis- 
tance of  the  wheel  from 
the  surface,  and  enable 
it  to  work  flat  faces,  in 
the  same  manner  that 
a  plane  iron  is  fitted  in 
a  body. 

Pneumatic  Ham- 
mer.— These  hammers 
are  largely  made  use  of 
in  the  smithy.  Air, 
being  highly  elastic,  is 
an  excellent  agent  in 
the  cushioning  of  the 
reciprocating  parts,  and 
is  readily  controllable.  The  hammers  are  belt 
driven  from  any  convenient  source  of  power. 
But  l)eyond  this  the  different  kinds  of  hammers 
have  few  features  in  common. 

In  the  hammer  by  Breuer,  Schumaclier,  k 
Co.  a  single  cylinder  is  used,  and  a  plunger 
reciprocated  therein  alternately  compresses  and 
rarefies  the  air  in  the  cylinder.  Variations  in 
the  quantity  of  air  admitted  are  regulated  by  a 
cock.  The  air  pi-essure  can  be  raised  to  four  or 
five  atmospheres.  When  the  cock  is  wide  open, 
the  inteiior  of  the  cylinder  is  open  to  the  air, 
and  the  hammer  piston  remains  stationary. 
The  plunger  only  is  moved  up  and  down  by  the 
crank  disc  driven  from  the  pulleys,  but  the 
hammer  or  tup  is  attached  to  a  piston  which 
moves  loosely  in  the  bottom  of  the  cylinder, 
and  between  the  two  the  air  space  is  left. 
When  the  cock  is  closed,  the  hammer  piston  is 
drawn  up.  After  the  crank  has  turned  the 
top  dead  centre  the  air  between  the  plunger 
and  piston  is  compressed,  driving  the  hammer 
down  with  a  maximum  force  of  four  atmos- 
pheres. The  air  cock  supplies  the  means  of 
regulating  the  force  of  the  blow  without  re- 
ducing the  speed. 
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The  Longwortfa  hammer.  Figs.  127  and  128, 
made  by  Messrs  Samnelson  «fe  Co.,  Ltd.,  has  two 
cylinders ;  one,  the  hammer  cylinder  containing 
the  piston  rod  actuating  the  tup,  the  other, 
the  controlling  cylinder  by  which  the  inten- 
^ty  of  the  blow  can  be  regulated.  In  the 
early  designs  the  two  cylinders  were  distinct, 


.^jsi m^ 


second  piston  at  its  upper  «id.  The  latter  is 
the  aetuatimj  piston,  the  former  the  cofUrofiitig 
piston.  The  actuating  cylinder  moves  within 
the  contnJling  cylinder,  and  a  very  deep  Ixvss 
within  the  former  serves  as  a  rigid  guide  to 
the  piston  rod.  A  series  of  air  pi>rts  effei^t 
communication  between  the  c^mtroUing  cylinder 


Fig.  129. — Player  Pneumatic  Hammer. 

Rkfkrences  to  Fk;s.  129, 130. 
A,  Hammer  cylinder.    B,  Tup.    C,  Pumi^  cylinder.    D.  Piston  of  ditto.    E,  Belt  pulleys.    F,  Crank.    (/.  Air 
Toir.    a.  Passage  connecting  cylinders.    H.  Valve  chamber.    J,  Control  Talve.    6.  Port  connecting  pump  cylinder 

to  atmosphere,    e.  Port  connecting  hammer  cylinder  to  atmosphere,    d.  Connection  of  pump  to  reservoir,    c.  Port  from 

air  reserroir  to  valve  chamber.    /.  Passage  in  valve  to  connect  ports  c  and  e. 


arranged  tandem,  with  the  controlling  cylinder 
lowermost.  In  the  present  type  the  hammer 
■cylinder  is  brought  within  the  controlling 
cylinder,  so  reducing  the  total  height,  see 
Rg.  128.  The  principle  of  operation  is  as 
follows : — The  piston  rod  which  carries  the  tup 
at  its  lower  end  is  prolonged  upward  to  carry  a 

VOL.  VII.  H 


and  the  outer  atmosphere.  These  ports  can  bo 
opened  or  closed  one  or  more  at  a  time  by  a 
cylindrical  plug  valvo  which  is  actuated  by  a 
hand  or  foot  lever.  The  actuating  cylinder  is 
connected  by  a  crosshead  and  side  links  to  a 
lever  crank,  and  connecting  rod  to  the  belt 
drive.     In  action,  the  movement  of  the  crank 
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lifts  the  side  links,  and  the  upper  or  actuating 
cylinder  until  its  piston  cuts  off  the  air  at  the 


Fig.  130. 


Section  w-y-z, 
-Cylinder  Sections  of  Player  Hammer. 


bottom  row  of  holes.  Tliis  air  being  com- 
pressed by  the  continued  upward  movement  of 
the  cylinder  lifts  the  upper  piston,  and  with  it 
the  piston  rod  and  tup. 
When  the  crank  passes 
the  bottom  of  its  stroke, 
the  upper  cylinder  gains 
upon  the  falling  piston, 
closing  the  top  row  of 
air  holes.  The  air  thus 
becomes  compressed, and 
accelerates  the  motion 
of  the  tup.  If  the  lower 
cylinder  is  now  in  free 
communication  with  the 
atmosphere  by  the  open- 
ing of  the  bottom  air 
ports,  the  tup  will  fall 
to  its  lowest  point,  and 
deliver  its  blow  with  the  fullest  force.  But 
if  all  the  air  ports  are  closed,  the  air  below  the 
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lower  piston  will  be  compressed  by  its  descent, 
and  the  tup  held  up  off  the  anvil. 

The  Player  hammers, 
Fig.  129,  made  by  W.& 
J.  Player,  have  the 
pump  and  hammer  cyl- 
inder distinct,  with  a 
separate  reservoir  g  for 
compressed  air.  In  Figs. 
129,  130,  A  is  the  ham- 
mer cylinder,  the  piston 
of  which  actuates  the 
tup  B.  c  is  the  pump 
cylinder,  the  piston  D  of 
which,  belt  driven  from 
the  pulleys  e,  and  crank 
F,  supplies  air  to  the 
hammer,  cylinder,  and 
exhausts  it  therefrom. 
The  passage  a.  Fig.  130, 
forms  the  conununica- 
tion  between  the  two 
cylinders.  Air  is  com- 
pressed in  the  reser\'oir 
G  also  by  the  pump  pis- 
ton, which  happens  when 
the  latter  runs  past  the 
connecting  passage  c?,  so 
closing  it,  when  the  air 
imprisoned  beyond  this  passage  becomes  forced 
into  the  reservoir.  There  is  a  valve  chest  H 
between  the  two  cylinders,  the  valve  J  of  which 
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Fig.  131. — Pilkington  Power  Hammer. 


permits  of  communication  between  the  top  of 
the  pump  cylinder,  and  the  atmosphere  at  h. 


Pnc 


PRACTICAL    ENGINEERING. 


Pnc 


WTien  this  valve  is  open,  the  action  of  the  pump 
piston  is  not  communicated  to  the  hammer 
piston.  A  passage  c  which  makes  connection 
between  the  bottom  of  the  hammer  cylinder 
and  the  external  atmosphere  is  controlled  by 
the  valve  J  allowing  a  free  passage  for  the 
air,  or  closing  it  and  imprisoning  air  beneath 
the  piston,  cushioning  the  blow,  or  opening  the 
passage  to  the  compressed  air  reservoir,  so 
holding  up  the  piston  at  the  top  of  the  stroke. 


are  released.  When  the  valve  is  at  zero,  the 
tup  is  held  up  at  its  highest  position,  but  when 
the  valve  is  fully  open  the  pump  and  hammer 
cylinders  are  in  communication,  and  the  tup 
rises  and  falls.  With  the  valve  in  inter- 
mediate positions,  the  weight  of  the  blow  is 
varied. 

Pneumatic  Planishing  Hammers.— 
Fig.  132  illustrates  one  of  this  type  by  Piercy 
k    Co.,    Ltd.     The   standard   a   supports   two 


Fig.  132. — Piercy  Planishing  Hammer. 


In  this  position  the  valve  at  the  top  of  the 
pump  cylinder  is  open.  A  volute  spring 
cushions  the  piston  in  its  ascent. 

In  Pilkington*s  hammer,  Fig.  131,  made  by 
Peter  Pilkington,  Ltd.,  the  pump  cylinder 
and  the  hammer  cylinder  are  separate.  A 
cylindrical  valve  regulates  communication  be- 
tween the  two  through  ports  in  both  cylinders. 
Hand  or  foot  levers  operate  the  valve.  The 
valve  is  so  balanced  that  its  normal  or  zero 
position  is  taken  automatically  when  the  levers 


cylinders  b,  and  c,  in  one  casting.  The 
piston  and  rod  of  b  drives  the  hammer  head. 
The  cylinder  c  is  horizontal,  with  a  trunk 
piston  D,  of  short  stroke.  The  cylinders  being 
connected  by  the  passage  a,  a  short  stroke 
in  c  produces  a  long  slroke  in  b.  Drivin*; 
takes  place  from  the  fast  and  loose  pulleys  e, 
stepped  cones  f  and  <;  to  the  eccentric  ii, 
actuating  the  piston  d.  The  eccentric  is  of 
the  shifting  type,  so  that  any  length  of  stroke 
within  the  maximum  can  be  obtained,  and  any 
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kind  of  blow.  The  movement  of  the  hammer 
rod  in  b  is  obtained  by  the  alternate  con- 
ditions of  semi-vacuum  and  compression  be- 
tween the  two  cylinders.  More  stroke  is 
required  for  thick  copper  than  for  thin.  One 
handle  J  is  used  for  controlling  the  action, 
which  starts  and  stops  the  hammer,  regulates 
the  blow  to  the  force  required,  and  holds 
the  hammer  rod  up  when  stopped.  It  acts 
on  an  air  cock  on  the  larger  cylinder  at  k. 
When  this  is  opened  wide  the  piston  d  draws 
air  in  and  out  freely,  without  moving  the 
hammer  rwl.     As  the  co6k  closes,  less  air  enters, 


special  tjrpe  of  tool  is  used  for  heavy  riveting, 
the  long-stroke  hammer,  having  a  long  cylinder, 
which  enables  a  heavier  blow  to  be  obtained, 
in  conjunction  with  a  higher  air  pressure, 
usually  100  lb.  per  square  inch. 

Fig.  133  gives  an  external  and  a  sectional 
view  of  the  Tierney  hammer,  made  by  the  Globe 
Pneumatic  Engineering  Co.,  Ltd.  The  cylinder 
A  carries  the  snap  B,  and  the  plain  piston  c. 
The  handle  d  is  screwed  to  a  with  a  buttress 
thread,  and  locked  with  a  split  lug  and  bolt 
The  trigger  e  controls  the  admission  of  air  from 
the  flexible  hose  coupled  to  the  extension,  and 
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Fig.  133.— Tienioy  Piaeimmtic  Eiveting  Hammer. 


and  the  hammer  begins  to  work.  An  inlet 
valve  on  the  cylinder  c  is  left  slightly  open  to 
let  in  a  small  quantity  of  air  during  the  up- 
stroke, to  prevent  the  hammer  rod  from  being 
sucked  up  too  violently.  A  small  outlet  valve 
on  the  cylinder  b  lets  out  the  compressed  air 
at  the  end  of  each  stroke,  which  had  accelerated 
the  previous  blow. 

Pneumatic  Riveting  Hammer— The 
same  class  of  hammer  that  is  employed  for 
chipping  and  caulking  is  also  used  for  riveting, 
with  the  difference  that  a  snap  is  inserted,  and 
that  it  has  a  round  shank  in  place  of  the 
hexagonal  shank  on  the  chipping  chisels.  A 
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lets  it  pass  through  the  valve  g,  from  which 
it  goes  up  the  passage  h  past  the  valve  J, 
moving  the  piston  c  forwards;  when  c  has 
uncovered  the  hole  K,  air  at  full  pressure  rushes 
through  K  and  drives  c  sharply  against  the  end 
of  the  snap  b.  At  this  position  the  hole  l 
has  been  uncovered,  and  the  air  passes  through 
it  down  a  hole  communicating  with  the  valve 
box,  moving  the  valve  so  tbat  it  opens  com- 
munication with  the  passage  M,  letting  air 
through  hole  x,  and  driving  the  piston  back- 
wards, after  which  another  cycle  of  operations 
commences. 

A  time-saving  adjunct  in  connection   wi{h 
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riveters  is  the  pneumatie  holfler-on.  Fig.  \Z\ 
(tbe  Consiilidated  Pneunmti^  Tool  Co.»  Ltd.), 
employee]  to  support  the  rivet  head  while  the 
toll  is  being  turned  over.  It  coinpris^  a 
casing,  k^  hftTing  a  screwed  hole  at  the  back^ 
into  which  a  bar  is  put  for  support ;  a  throttle 
handle^  B,  adniit^i  air  to  the  Imck  of  a  cylinder^  c, 
which  moves  outwards,  pressing  the  snap  D 
against  the  rivet  head.  The  attendant  then 
Opics  the  valve  e,  admitting  air  to  the  piston 
F*,  and  causing  it  to  i-epeatedly  strike  D  and  so 
be^t  the  rivet  into  its  hole.     The   ri\eter   on 


exhaustion  and  pres-sure  of  air  in  pipes  series 
to  transmit  parcels  and  despatches  or  to  raise 
grain  in  ele\'atoi'a ;  load^  are  raised  or  suspended 
by  the  air- hoist ;  ventilation  and  heating  are 
simplified  by  the  use  of  fans  and  blowers ;  and 
the  usfc'  of  pneuniatltj  tyres  for  cycles  and  motor 
ctirs  has  given  birth  to  a  new"  and  large  industry. 
The  practical  application  of  air  in  these 
appliances  antl  machines  is  dealt  with  under 
their  s^everal  titles,  while  the  theoretica,l  aspect 
of  the  behaviour  of  gases  is  dealt  with  under 

Adiabattc  Curve,  Air  Thermometer, 
Atmosphere,  Barometer,  Compressed 
Air,  Gases, 

Pneumatic  Tubes^^Used  for  the  trans- 
mission  of  letters  and  parcek  through  tubes 
by  the  pressum  of  compressed  air.  The  most 
sueceasful  installations  of  tins  kind  are  in 
London,  Paris,  Berlin^  and  Philadelphia*  The 
tubes  range  fixnm  '2^  in,  in  diameter  in  London, 
to   0^   in.    in   Philadelphia,     The   letters  and 


Fig.  l34*^PUeumfttic  Holder-on, 


ili0  otlier  side  at  the  same  time  rivets  over  the 
toiL  The  pLston  F  is  then  stopped^  leaving  c 
still  prt^ed  up  to  take  the  thitist  of  riveting, 
the  eu^iou  of  air  at  the  back  forming  a  buffer. 
Pneumatics*^ Under  this  term  are  included 
&11  qu*>stions  that  relate  to  weight,  pre-ssure, 
eiajstieity,  and  other  pn>perties  of  air  and  other 
gftaes*  During  I'ecent  years  there  has  been  a 
ttijurk^d  development  in  the  utilisation  of  these 
pn liberties  in  engineering.  The  elasticity  of 
air  has  been  made  use  of  in  coal-cutters  and 
pneumatic  took  ;  caulking,  riveting,  and  similar 
operations  are  performed  by  the  aid  of  coni- 
pressed  air;  locomotives  are  driven  by  air  at 
bi^  pressui't- — ^up  to  2,000  lb.  jier  aq*  in. ; 
caiaaciiis  and  hydraulic  shields  and  diWng  bells 
depeoid  for  their  use  on  compressed  air ;   the 


telegrams  in  the  last-named  are  enclosed  in 
can'iers,  5|  \i\.  diameter,  and  18  in*  long, 
with  canvas  packing  which  makes  them  up 
to  6^^j  in.  diameter,  and  they  weigh  9|  lb. 
The  air  is  compressed  to  7  lb.  pressure  per 
sq.  in.,  and  jmssed  into  a  reservoir.  It  goes 
thent-e  into  the  transmitting  apparatus,  and 
into  the  outgoing  line  of  pipe  to  the  receiving 
apparatus.  Just  before  the  carrier  enters  tlie 
latter  the  air  is  diverted  through  the  tmna- 
mitter  of  the  receiving  station,  and  into  a  re- 
turn pipe  w  hich  enters  the  compressed  air  reser- 
voir. The  air  is  thus  used  over  and  over  again^ 
and  losses  only  made  up  from  the  atmosphere. 
Tubes  of  leai.1  and  brass  are  used  in  London,  of 
w^rought  iron  in  Paris,  and  Berlin,  Thoae  in 
Philadelphia  are  of  cast  iron  pipe,  bored  smoothly 
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by  a  boring  heat!  i^eamer  nn  a  flexible  hai\ 
bends  used  are  of  6  ft  radius. 

Pocket  Print  -  *'j'ee  Print 

Podgier-  -A  Tommy. 

Poker  Filing.— ^Vr  Draw  Filing, 

Polarisation^ — Cheuiical  actimi  ahvuys  ao- 
€tnnpanit*s  tlie  production  of  a  eurrcnt  in  a 
voltaic  cell.  The  bubbles  of  hydrogen  evolved 
ftt  the  surface  of  the'  copper  plate  adhere  to  it, 
and  thereby  gradually  decrea^sc  its  effective 
ftui'face*  This  affects  the  current  both  by 
increasing  reidstance  and  by  producing  an 
oppotiing  electro-TOotiye  force*  The  differences 
between  various  types  of  cells  are  mainly  due 
to  the  methods  adopted  for  mininiiBin^^  jjolarisa- 
tiun.     See  Batteries,  Primary. 

Poling.— *S^e  Copper 

Polishing  Powders.  ^Tlie  ^ne  powders 
which  ai^  used  for  poliBliing  metal  work  and 
microscopic  specimens.  They  include  a  large 
number.  The  commonest  are  the  finest  emery 
powders,  and  wheels,  usetl  for  fmishing  work 
after  grinding  to  dimensions  has  been  clone, 
and  these  suffice  for  all  the  ordinary  Avork  of 
the  shops.  When  work  has  to  be  nickel  plated, 
or  lacquered,  buffing  is  commonly  practised,  in 
which  the  bu£&  are  charged  with  emery  or 
with  some  other  powders  as  ix>uge  and  crocus. 
Other  powders  are  employed  for  microscopic 
specimens  and  for  work  that  is  only  partially 
allied  to  engmeering. 

Diamond  dust  fis  a  polishing  agent  used 
by  jew^ellers  is  not  employed  by  engineers. 
Alumina  is  the  basis  of  emery,  and  rottenstone* 
8ilex  is  the  basis  of  hones,  pun) ice  stones,  and 
tripoli  Oxide  of  iron  is  the  basis  of  rouge  and 
crocus ;  the  oxides  of  tin  and  lead  of  putty 
powders.  Crocus  and  rouge  are  prepaix^  from 
crystals  of  sulphate  of  iron  calcined  in  crucibles. 
Pi.fHions  which  are  calcined  the  lea^t  form 
rouge,  those  which  ai-e  more  calcined  form  tlie 
crocus.  Tliei'e  are  other  methods  of  prepara- 
tion. Putty  powTler  is  oxide  of  tin  pulverised, 
or  of  tin  and  lead  in  various  proportions.  The 
metal  m  oxidised  in  a  nmfHe,  and  afterwards 
gri*und  and  srifted,  Tripoli  is  a  fine  earth  which 
con!d.stiS  mainly  of  silex.  It  is  calcined,  ground, 
and  sifttnK 

The  following  is  Mr  Schloesing's  method  of 
treating  polishing  powders  for  microscopic  «©c- 
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tions,  as  given  by  ht  Cb atelier.     The  powil>tt 

are  first  treated  w-ith  water  containing  ont"  part 
of  nitric  acid  to  1,000  parts  of  water,  m  tbit 
the  carbonate  and  sulphate  of  lime^  ttc,  utt 
dissolTed*  The  mixture  is  allowts*!  to  ^tand  fr/r 
a  few  hours,  being  stirred  now  and  then,  *ftcT 
which  it  is  allowed  to  settle.  The  liquul  i* 
decanted  as  soon  as  the  powder  falh  W  iV 
bottom.  Distilled  water  is  now  poured  in,  miA 
the  mixture  again  stin-ed,  allowed  to  settle*  ani! 
again  dec^nterl,  Tills  is  repeated  sevenU  tim«?^ 
and  iis  the  acid  becomes  removed  the  settling 
t^ikes  place  more  slowly,  and  the  liquid  is  milky. 
Decantation  is  done  at  definite  intervali  W 
means  of  a  syphon,  the  intervals  being  respee- 
tively  fifteen  minutes,  one  hour,  fi>ur  hmn^ 
twenty-four  hours,  and  eight  days.  The  dcpt«il 
collected  betw*een  the  first  and  the  eighth  diT 
is  the  true  polishing  powder,  the  earlier  mm 
being  coarse  and  unsuitable, 

Le  Chatelier  states  that  the  substances  whidi 
he  found  to  give  the  best  results  ai'e,  commerpbl 
flour  of  emery,  oxide  of  chromiiimi  aJiiminiK 
and  oxide  of  iron. 

Polishing  powders  aie  often  used  on  laps  t^f 
metal.  The  lap  forms  a  matrix  for  retaining 
the  powder,  Tlie  softer  metals  retfiin  the 
powders  best,  but  lose  their  shape  more  rapidly. 
The  materials  used  are  leail  and  txx^  and  mix- 
tures of  the  two :  copper,  brassj  and  somettf«f^ 
cast  iron,  Bidf  leather  is  used  on  wheeU  imd 
on  sticks  to  i-eceive  and  hold  the  various  powder*, 
emery,  crocus,  or  rotteustone.  ♦Sometimes  the 
powders  are  charged  with  oiL  Copper  is  cleaned 
with  crocus  and  oil,  the  oil  Ijeintf  aftei'WAnii 
removed  with  whiting,  and  final  jmj billing  ii 
done  with  ^y  eiT>cus,  using  nx\  old  womlt^d 
stocking  for  its  applieaiion.  Glass  paper  ii 
rised  by  wocxl-workers  8iniilarly  to  th**  i*nii 
paper   and  emery  cloth  of   ll* 

In  each  the  glass  or  enn^ry  of      ...  .   ..   

cemented  t*>  tlie  paper  or  doth  and  ttswd  in 
flexil)!!:"  rendition,  "t  laid  on  iii'  * 

Polishing  Wheels. — W  i 

segments   of    wt»od»   amund    Um*    \ 
which  buff  IcaihiT  i«gl*-- *  ^^-^ 
polishing  powder.     Thi 
«m,  cir  Riinply  charged 
emery,  crnrn^i.  mtt 
are  useH 
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Cloth  and  cotton  wheels  are  used  for  final     9,  10,  11,  12  or  more  sides.      Circles  are  de- 
polishing  of  irr^ularlr  shaped  articles;    the     scribed  with  these  points  as  centres,  the  base 
layers  of  cloth  are  loose  except  for  the  fastenings      stepped  round  the  circumference  and  the  points 
to  the  wooden  centre,  and  so  accommodate  them-     so  obtained  joineil  as  shown. 
selves  to  any  shape.    The  leather  used  for  wheels  Special  methods  of  describing  the  hexagon, 

and  buff  sticks  should  be  new.  Old  belting,  pentagon,  octagon,  itc,  ai*e  descril^etl  under 
sometimes  used,  is  charged  with  gritty  matter,      those  terms. 

which  spoils  fine  polishing  ^-ith  scratches.     The  When   two  sides  of  a   polygon  ab,  ac  are 

best  leather  is  of  the  same  quality  that  is  used  given,  the  figure  may  be  completed  by  bisecting 
for  the  soles  of  boots  and  shoes.  The  thicker  these  sides  and  pixiducing  the  perpendiculars 
leather  is  taken  from  about  the 

neck.      Wash    leather   prepared  .-'1^^^^'^'*^^^.'  «.  E 

from  sheep  skins  is  employed  for  ^r^^'^'^'^      -iz  ^^\^.  4/^ 

hand  polishing.  j  \ff  ^"^v^  i// 

Poljrgon.  —  Is    a    rectilineal  /  ^^O  V\  Ijq 

figure  with  more  tlian  four  sides.  /  /  '^  \  \  \9 

It  is  regular  when  the  sides  and         ;  /  •*  \  ',  \9         ; 

angles  are  all  equal;    irregular  /  ■'^. yQ  \;  *J .^---X. 

when  unequal.     A  regular  poly-         n.  ■■        /'  \  \  .--T*    /  \ 

gon    can   be    surrounded    by    a  '\  /'      ^  /        \  /'  Jf*'       ; 

circle  whose  circumference  passes  \       /      .' :  ;       //  ..  •*  ; 

through  all   the   angles   of   the  Nv,    •'       ^  '  yv  '*  •'*     i  •' 

figure.      The  following  are   the  ^     ^'^.,      g — T^ff  r\  ^ ' B 

names  applied  to  polygons  ha>'ing  ^  (2^ 

the  number  of  sides  stated  : — 

«5  sides,  a  pentagon.  *  ••►. 

6  ,,    a  hexagon.  ^'/  V-, 

7  „    a  heptagon.  '' /  \'\ 

8  ,,    an  octagon.  /  /'  \  \ 

9  ,,    a  nonagon.  / /'  \  \ 
ft)     „    a  decagon.                             q^                    j^"  \! 

11  „  an  un-decagon.                          \     ^."'^  ;  A          ^* 

12  „  a  duo-decagon.  •'  \^'''/       »!  ''' 

13  .,  a  tri -decagon. .               '         '^-^'^s^y         /W  * .' 

14  ,,  a  tetra-decagon.  '  """ ''\  /  !  \          // 

15  „  a  penta-decagon.                              ^t^^ — !    I  ■  ) ^'^  

16  „  a  hexa-decagon.  ^     "^vr-r''^  ^                     "Q 

17  ,,  a  hepta-decagon.  \^  \%>'                                          V^) 

18  ,,'  an  octa-decagon. 

19  „  a  nona-decagon.  Fig.  l.V). — Polygons. 
'JO  ,,  a  bi8-decagon. 

Any  regular  polygon  may  be  described  (m  a  (Fig.   135   (3))    till   they   intei*sect   at   o,    the 

&ven  base  ab  by  the  following  method  : — From  centi*e  of  the  figure. 

^  Fig.  135(1),  erect  a  pei-pendicular  lie,  equal  to  To   find    the   area   of    any   regular   polygon 

^B.    With  B  as  centre  and  radius  ba  describe  multiply  the  sum  of  the  sides  by  half  of  the 

tte  arc  Aa     Join  the  points  ac.     Bisect  ab  at  }>erf)endieulai-  (drawn  from  the  centre  to  one  of 

D,  and   erect  a  perpendicular  de,  jis  in  F'ig.  the  sides). 

135  (2).     Mark  the  points  4  and  6  whei-e  this  Or  multiply  the  S(|uare  of   tlie  side  by  the 

cuts  the  oblique  line  and  arc  respectively.  Bisect  number  under  "Area*'  in  tlie  table  on  p.  120. 

line  4-6  at  point  5.    Step  oflF  on  the  perpendic-  The  siime  table  also  gives  numlx'rs   by  which 

ular,  spaces  equal  to  4-5  or  5-6.     These  points  the  side  of  a  polygon  should  Ik»  multipliwl  to 

are  then  centres  of  polygons  having  5,  6,  7,  8,  find  the  radii  of  inscribed  and  circumscnbe<l 
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circles,  and  also  the  number  of  degrees  in  the 
angle  o  (Fig.  135  (4))  at  the  centre,  and  the 
angle  abc  contained  by  two  sides. 


Polyphase  Motor. — An  electric  motor  in 
which  rotation  of  the  shaft  is  produced  by  the 
rotating  magnetic   field  created  by  the  multi- 


Regular  Polygons. 


Radius  of 

Radius  of 

\ 

No.  of 

Name. 

Area  = 

Circumscribed 

Inscribed 

Angle 
atO. 

Angle 

Sides. 

Side^x:- 

Circle  = 

Circle  = 

ABC. 

Side  X  :— 

Side  X  :— 

^     4 

Square    -         -         .         - 

1 

•7071 

-5 

90 

90 

5 

Pentagon 

l-720i) 

•8506 

-6882 

72 

108 

6 

Hexagon 

2-5981 

1-0000 

-8660 

60 

120 

7- 

Heptagon 

3-6339 

1-1524 

1-0383 

51^ 

128i 

8 

Octagon - 

4-8284 

1-3066 

1-2071 

45 

135 

9 

Nonagon 

6-1818 

1-4619 

1-3737 

40 

140 

10 

Decagon 

7-6942 

r-6180 

1-5388 

36 

144 

11 

Undecagon     - 

9-3656 

1-7747 

1-7028 

32A 

147A 

12 

Duodecagon    - 

11-1962 

1-9319 

1/8660 

30 

150 

Polygon  of  Forces.— AS^ee  Force. 

Polyphase  Currents. — Alternating  elec- 
tric currents  differing  in  phase  from  each  other 
by  equal  increments  of  a  complete  cycle  of 
alternation  or  period. 

Polyphase  or  Multiphase  currents  are  pro- 
duced in  an  alternator  by  adding  to  the  number 
of  coils  upon  its  armature,  so  that  several  dis- 
tinct currents  are  produced  in  the  same  direc- 
tion during  one  period  of  alternation.  The 
currents  attain  their  maximum  value  at  in- 
stants differing  by  a  quarter,  an  eighth,  or  other 
proportion  of  a  period,  depending  upon  the 
number  of  phase  windings.  So  that  the  effect 
is  that  with,  say,  three  phases,  three  currents 
are  being  impressed  upon  the  circuit  at  the 
same  time,  each  lagging  or  following  behind 
the  other.  Their  exact  relation  to  each  other 
in  value  and  time  is  constant  throughout,  and 
upon  reversal,  so  that  they  are  said  to  be  "In 
phase."  The  theory  of  alternating  current 
generation  is  described  under  Alternating 
Currents  and  the  diagrams  there  given  illus- 
trate the  phases  and  wave  forms  of  the  current 
in  alternating  circuits. 

Two,  three,  and   six   phases   are   commonly 
used  for  power  transmission,  but  the  number 
of  phases  may  be  suited  to  the  requirements,  the 
generators  being  wound  accordingly. 
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phase  current  applied  to  the  stator.  See  In- 
duction Motor,  Three-phase  Motor. 

Pony  Gear— 5^6  Horse  Gear. 

Poplar  (PoptduB),  —  A  group  of  trees  nearly 
confined  to  the  North  Temperate  Zone.  The 
white  poplar,  or  Abele  (Populus  alba),  is  gener- 
ally understood  when  the  term  is  used.  The 
wood  is  white,  soft,  straight  grained,  tough, 
and  not  very  liable  to  split.  If  thoreughly 
seasoned  it  may  be  used  for  turned  patterns, 
but  it  shrinks  much  in  drying.  A  cubic 
foot  dry  weighs  about  33  lb. ;  its  transverse 
strength  is  550  lb.,  being  the  weight  required 
to  break  a  beam  1  in.  square,  and  1  ft.  between 
supports. 

Poppets.  —  Signifies  the  hinder  supports  to 
work  carried  between  centres  in  a  lathe  or 
grinding  machine.  Other  synonjons  are  the 
popit,  of  the  older  writers ;  the  back  poppet, 
the  movable  poppet,  both  being  terms  which 
distinguish  it  from  the  front  or  fixed  poppet, 
more  properly  termed  the  headstock,  or  the 
fast  head.  It  is  also  termed  the  sliding  head, 
the  tailstock,  the  tailblock,  and  the  footblock, 
the  last  three  being  chiefly  Americanisms. 

The  poppet  is  movable  along  the  bed,  on 
which  it  can  be  clamped  in  any  position  to  suit 
pieces  of  work  of  variable  lengths.  Fine  adjust- 
ments are  effected  by  the  movement  of  the 
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imi£uidrel  or  spindle  on  the  coned  end  of  which 
the  work  rotates.  These  are  the  broad  features 
^diich  all  poppets  have  in  common :  Figs.  136 


both,  the  assumption  is  made  that  lateral  wear 
will  never  take  place  to  any  serious  amount. 
This  is  readily  conceded  in  the  case  of  the  vees, 


^o    138,   but   details   of  construction   vary  in 
^oaens  of  ways, 

AlignmetUy  and  Set-aver  Devices. — The  align- 
'^^^nt  of  the  poppet  with  the  fast  headstock  is 
^^'cmred  by  the  fitting  of  the  base  to  the  bed. 
^^^^nerallv  in  lathes  of  small  and  medium  dimen- 


Poppet  on  Flat  Ways. 
(G.  Birch*  Co.) 


but  not  in  that  of  the  tongue  fitting  between 
vertical  edges.  To  avoid  this,  in  some  designs, 
the  tongue  is  pulled  over  against  one  edge 
always,  leaving  the  other  slack.  It  is  done  by 
having  an  inserted  vee  underneath  one  shear, 
and  pulling  the  clamping  plate  up  against  that. 


(yc:> 


G_u:^ 


Fig.  137. — Pop[)et  on  Raised  Vees,  and  with  Set-over. 


sions,  a  tongue  alone  fitting  between  the 
machined  ways  affords  the  necessary  guidance 
and  coercion  in  English  types,  and  in  American 
the  raised  vees.     Each  has  its  advocates.     In 


Figs.  136, 138,  and  this,  by  means  of  a  shouldered 
fitting,  pulls  the  poppet  over  against  one  edge. 

The  Set-aver. — Many  English   poppets  have 
provision  for  setting  over  out  of  centre  for  the 
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turning  of  tapered  work.  Most  American  ones 
have  some  provision  of  this  kind,  Figs.  137,  138. 
The  design  involves  dividing  the  poppet  body 
into  two  portions,  a  base,  and  a  top,  with 
provision  for  sliding  the  latter  on  the  former 
transversely  to  the  axis  of  the  lathe,  and  ad- 
justing the  position  of  the  top  on  the  base. 
Screws  are  used  for  setting  over,  and  the  bolts 
which  clamp  the  poppet  to  the  bed  pass  through 
both  top  and  base,  and  serve  thus  to  secure  the 
two  together.  The  necessary  slot  holes  for  the 
bolts,  to  permit  of  the  traverse,  are  cast  in 
the  base  or  the  top,  usually  in  the  former.  The 
joint  between  top  and  base  is  made  in  a  large 


<^. 


Fig.  138.— The  Richards'  Poppet. 

range   of   heights,  and   seems   a   detail   of   no 
importance. 

General  Outlines. — In  the  most  cojnmon 
designs  the  poppet  is  symmetrical  on  each  side 
of  the  longitudinal  axis,  Fig.  137.  The  edges 
of  the  ribs  are  often  concave  to  allow  freedom 
of  movement  for  the  handles  of  the  slide  rest. 
In  a  good  many  designs  the  purpose  is  further 
served  by  cutting  away  more  from  the  front  ribs, 
and  adding  more  to  the  hinder  ones,  Fig.  136. 
The  longitudinal  shape  of  the  poppet  and  the 
position  of  the  hold-down  bolt  are  designed  in 
order  to  avoid  chance  of  the  poppet  lifting  at 
the  front  under  the  stress  of  heavy  cutting, 
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or  bending  at  the  front  with  heavy  work.  The 
bolt  is  generally  put  out  of  centre,  and  nearer 
to  the  front  than  the  back,  and  the  base  is  ex- 
tended at  the  back,  both  affording  the  stability 
required.  The  foot  is  massive,  and  connected 
to  the  barrel  with  curved  brackets  w4th  large 
flowing  curves. 

The  Mandrels, — These  are  variously  operated. 
The  screw  turns  within  one  end  of  the  barrel, 
Fig.  136,  and  is  itself  retained  from  endlong 
movement  by  means  of  a  collar  filling  a  recess  in 
the  back  end  of  the  barrel,  and  held  with  a  plate, 
or  the  boss  of  the  hand-wheel.  The  mandrel  is 
prevented  from  turning  in  the  barrel  by  a  set- 
screw  entering  a  keyway 
cut  along  a  portion  of  the 
length  of  the  mandrel,  and 
by  which  its  length  of  tra- 
verse is  determined.  The 
mandi*el  is  clamped  through 
split  lugs  on  the  barrel  by 
a  clamping  screw,  or  by 
means  of  a  clamping  piece 
which  embraces,  or  pai-tly 
embraces  the  mandrel.  The  mandrel  screw  is 
turned  either  by  a  hand-wheel,  or  a  balanced 
lever  handle,  balanced  with  a  ball  at  the  end 
opposite  to  the  operating  handle.  The  cone 
centre  of  the  mandrel  is  distinct  from  the 
mandrel  itself,  fitting  therein  by  a  shank  of 
Morse,  or  other  taper.  It  has  to  be  hardened, 
and  should  therefore  be  ground  up  in  its  place. 
It  is  shot  out  by  the  end  of  the  screw. 

In  the  Richards*  poppet.  Fig.  1 38,  the  centre 
of  the  mandrel  is  thrown  over  behind  the  axial 
centre  of  the  bed,  with  the  object  of  bringing 
the  stresses  of  turning  within  the  bed.  The 
clamping  is  like  that  of  the  Sellers',  the  plate  a 
pulling  against  an  inverted  vee  a,  the  tongue 
on  the  base  fitting  freely  within  the  sheai*8,  and 
being  pulled  over  against  one  edge,  b  is  the 
clamping  handle.  The  poppet  is  of  the  set-over 
type,  two  separate  screws  b,  b  being  employed, 
moving  in  lugs  which  stand  up  from  the  base  c. 
Poppets  for  Grinders, — These  differ  in  an 
important  detail  from  those  used  for  lathes,  in 
the  fact  that  the  pressure  against  the  spindle  is 
taken  by  a  spring.  This  allows  of  slight  varia- 
tion in  length  of  work  consequent  on  change  of 
temperature,  without  which  provision  long  and 
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slender  pieces  would  spring  and  cause  in- 
accuracy. Many  spindles  are  operated  with  a 
lever,  others  with  a  screw. 

In  the  design  by  Birch  k  Co.,  Fig.  139,  the 
tension  spring  arrangement  with  its  means  of 
adjustment  is  embodied.  The  downward  pres- 
sure of  the  hand  lever  draws  back  the  spindle, 
compressing  the  spring.  For  heavy  work  the 
spindle  is  locked  by  the  handle  and  screw 
in  the  split  lug.  For  light  work  its  tension 
can  be  relieved  by  the  nut  at  the  end.     The 


Portable  Cranes.  —  Denotes  any  crane 
which  is  mounted  on  a  truck  with  wheels,  and  is 
thus  capable  of  ]>eing  hauled  along  rails  or  roads, 
but  which  has  no  provision  for  self -propulsion. 
It  does  not  therefore  denote  any  special  type  of 
superstructure,  or  any  single  method  of  opera- 
tion, but  simply  distinguishes  it  from  the  fixed 
cranes  on  the  one  hand,  and  the  locomotive 
cranes  on  the  other.  Almost  invariably  a  port- 
able crane  is  a  balance  crane. 

Portable  Engine. — Any  engine  which  is 


screw  in  the  split  lug  is  provided  to  make  ad- 
justments of  the  spindle  for  wear. 

Poppets  are  also  the  nearly  vertical  members 
of  the  cradle  used  for  launching  vessels.  See 
Launching. 

Porosity. — The  quality  possessed  by  matter 
of  having  pores.  These  are  visible  in  such  a 
substance  as  pumice  stone,  but  experiment 
goes  to  prove  that  in  no  kind  of  matter  are  the 
particles  in  absolute  contact.  Water  has  been 
forced  through  sheets  of  gold  and  silver,  and  it 
is  well  known  that  quantities  of  water  and 
alcohol  mixed  together  occupy  a  smaller  bulk 
than  their  total  separate  volumes. 


Fig.  1.39.— Poppet  of  Grinder. 


not  fixed  in  the  sense  in  which  the  stationary 
engines  ai*e  fixed,  on  the  one  hand,  and  which 
is  not  a  self-propelling  locomotive  on  the  other. 
Simple  Portable  Engines, — Any  simple  single 
cylinder  horizontal,  or  vertical  engine,  prefer- 
ably of  non-condensing  type,  can  be  taken  and 
mounted  on  a  wheeled  truck,  and  so  rendered 
portable.  These  are  therefore  used  largely  by 
builders,  contractors,  and  engineers  on  outdoor 
erections,  and  by  agriculturists  for  thrashing, 
grinding,  and  all  kinds  of  operations  about  the 
farm.  The  flywheel  or  a  pulley  adjacent  is 
simply  belted  up  to  the  machine  which  it  is 
required  to  operate,  for  mixing  mortar,  sawing 
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wood,  or  lifting  loads,  A  horse  or  two  horses 
will  drag  the  engine  anywhere  in  readiness 
for  service.  The  boiler  is  an  essential  adjunct 
to  get  up  steam  on  the  spot.  In  these  port- 
able engines  the  boiler  is  always  of  vertical 
type,  bolted  down  to  the  truck.  The  engine 
ifi  usually  Ixjlted  indei>enclently  U>  the  truck, 
but  sometimes  it  is  bolted  to  the  boiler  itself. 
A  special  development  of  these  portable  engines 
la  the  hoisting  engine  {see  Hoisting^  Engines); 
this  Ls  an  engine  on  a  truck  with  the  addition 
of  a  hoisting  drum  or  druuis  operated  by  the 
engine,  A  rope  or  chain  wound  on  the  drum 
operates  a  hoisting  ci*ab^  independent,  but  some- 
wliere  adjat."ent,  and  thus  erections  out  of  doors 
are  done,  power  hoisting  taking  the  place  of 
winch  handles  and  human  labour* 

Generally  the  term  portable  engine  is  under- 
Btood  to  signify  the  mfricultural  engine  in  which 
a  nmltitubular  locomotive  boiler  is  used,  to 
which  the  engine  is  attached.  The  portable 
engine  drives  to  a  dip  crank,  on  one  end  of 
which  a  heavy  flywheel  is  mounted,  the  rim  of 
which  takes  the  place  t>i  the  driving  belt. 
Poilable  and  traction  engines  are  both  road 
engines,  so  termed  becatise  they  are  design etl  to 
run  on  common  roads.  They  are  built  after  the 
broad  designs  of  locojnotive  engines,  modified 
U)  suit  the  altered  conditions  of  service.  The 
first  difference  between  the  traction  and  the 
pt>rtable  types  is  that  the  fin^t  are  self-pro- 
pelling and  are  used  for  haulage  on  roads, 
the  second  inquire  horse  luiulage.  Both,  how- 
ever, are  employed  for  thraaihing,  and  other 
openitions  in  agriculture,  and  for  electric  light- 
ing, pumping,  ifee.  Both  fulfil  the  function  of 
a  stationary  engine,  but  are  rendered  portable 
in  order  to  serve  all  localities  of  a  large  farm, 
or  several  farms  in  a  district,  or  to  haul  trains 
of  wagons. 

The  locomotive  ty^ie  of  boiler  mounted  on 
wheels,  with  engines  simple  or  compound,  and 
the  motion  work  above  the  boiler  is  the  leading 
characteristic  of  both  traction  and  portable 
engines.  The  essential  differences  are  those 
due  to  the  arrangements  for  self -propulsion  and 
steering  in  the  first  named.  The  hinder,  which 
are  the  driving,  wheels  are  gear-driven  at  two 
speeds,  either  set  of  wheels  being  thrown  in  or 
out  with  a  locking  pin.  In  the  quick  gear 
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the  engine  runs  at  about  four  miles  an  hour^ 
on  level  and  smooth  n>ads,  in  the  slow  gear  at 
about  two  miles  for  hiU'Climbing  and  heavy 
haulage.  The  wheels  are  built  up  with  wrought- 
steel  arms  Hveted  into  boss  and  rim.  The 
arms  are  frequently  caat  into  the  rim  and  boss. 
In  the  portable  steam  engines  by  Messrs 
Huston,  Proctor,  it  Co.,  Ltd.^  the  cylinder  is  not 
bolted  directly  to  the  boiler,  but  to  an  inter- 
mediate seating  of  steeL  The  latter  is  riveted 
to  the  boiler  similarly  to  the  sea  tings  for  man- 
holes and  other  fittings.  The  seating  ha\4ng 
its  edges  caulked  does  not  leak,  and  the 
ejdinder  foot  being  planed  to  meet  the  face 
of  the  seating,  also  planed,  does  not  leak.  The 
cylinder  is  jacketed  by  the  fitting  of  a  liner  of 
hard  iix>n  within  the  body*  Live  steam  is 
admitted  to  this  jacket  through  a  hole  in  the 
boiler  beneath.  The  advantage  is  that  the 
jacket  steam  is  dry,  because  the  jacketT  is  a 
portion  of  the  steam  space  in  the  boiler,  which 
is  better  than  using  a  pipe.  Tlie  cylinder  i"* 
maintained  at  a  high  temperature,  and  with 
the  minimum  of  condensation  of  steam,  A 
single-cylinder  portable  engine  is  illuati*ated  by 
Fig,  140,  Plate  IX.  The  cylinder  is  jacketed, 
the  guide-bars  are  of  flat  type,  and  a  bent 
crankshaft  is  employed,  the  bearings  for  which 
are  supported  in  wi-ought-iron  brackets  riveted 
to  the  boiler.  The  feed  pump  is  seen  at  the 
mde,  l>elow  one  bearing  bracket,  together  with 
its  suction  tul>e  and  stminer. 

Pig,  141,  Plate  X.,  shows  acompcjund  engine, 
with  the  cylinders  constructed  and  fitted,  as 
just  described. 

Compound  £mjineii. — Compounding  on  port* 
able  engines  saves  fi^m  15  to  20  per  oenL  in 
fuel,  provided  the  steam  is  generated  at  a 
pressure  of  about  130  lb,  per  square  inch. 
Diagrams  taken  show  that  if  steam  is  admitted 
into  the  high-pressure  cylinder  at  130  lb,  and 
cut  off  at  approximately  one-fourth  of  the  stroke^ 
it  expands  down  to  about  38  lb.  at  the  termina- 
tion of  the  stroke.  Entering  the  low-pressure 
cylinder  at  this  pressure,  this  cylinder  having 
a  capacity  of  two  and  a  half  times  that  of  the 
high-pressure  one,  it  expands  down  to  about 
6  lb.,  at  which  it  exhausts  into  the  atmosphei-e* 

It  is  usual  to  cast  the  two  cylinders  togetber. 
The  guides,  of  cylindrical  shape,  am  cast  in  one 


PLATE    X. 


Fig.  141.  — CoMPtirsD  Portablk  Enuixe.     (Rustrmi  Proctor,  k  Co.,  LUl.) 
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Fig*  142.— Fijxnt  Plvte  in  the  Wn^itKa  of  the  Ei.i:CT'Bit:  CoxsiTRrcriux  Co.,  Ltd, 
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pieoe  witli  tJieir  cylinder,  and  are  sustained 
at  the  front  end  bj  a  bra<?ket  which  is  riveted 
t4j  tbe  bf>Uer.  There  ai^  numbers  of  ptu-tuble 
engines  with  two  cylinders  that  are  not  com- 
piunded.  They  smiply  have  cylinders  of  equal 
sizes  duplicated  side  by  side,  and  driving  to  one 
crankahaft  with  the  crankpins  at  right  angles 
with  e^ch  other.  The  advant^ige  L«i  that  of 
€s»j  atartiiig  and  steady  mnning  consequent  on 
tli0  absence  of  dead  centimes. 

Mam*  portable  engines  are  made  with  a  jet 
condenser.  Its  use  saveH  fuel  when  sutlicient 
water  is  available.  But  a  very  tall  chinniev 
is  recjuired^  from  40  to  60  feet  high,  Ijecause 
the  exhaustion  of  the  waste  st4iam  through  the 
Mast  pipe  has  to  be  sacnficed*  The  condenser 
is  attached  to  one  side  of  the  boiler. 

8park  arresters  are  fitted  t*^  portable  steam 
engines  used  for  agricultural  work,  to  prevent 
mk  of  damage  by  fire.  The  simplest  is  a  cage 
of  wire  attached  to  the  top  of  the  chimney^ 
But  the  be^t  are  those  with  a  water  p*jcket  and 
A  batHe  plate  or  tlamper  above,  the  combination 
being  fitted  to  the  top  of  the  chimney.  The 
water  is  contained  in  an  annular  vessel  abctve, 
which  is  a  baffle  plate  that  throws  the  sparki* 
down  intii  the  water,  where  they  ai*e  extin- 
guished. Tlie  water  is  supplied  from  the  feed 
pump,  and  a  tap  is  provided  for  letting  the 
water  out  before  lowering  the  chimney.  In 
another  type,  the  Strube,  a  conical  disc  is  sur- 
|»pnded  over  the  ^ntre  of  the  chimney,  which 
fie  fleets  the  sparks  downwards.  A  weather 
vane  and  guard  outside  prevent  the  sparks 
irma  being  drawn  out  of  the  chimney  by  the 
mind^ 

Portable  Machine  Tools.— A  large  class 

of  machines  deii^igned  so  tliat  they  can  l3e  trans- 
ported to  and  fnim  work,  instead  of  carrying 
tiie  latter  about,  as  is  the  case  when  using  fixed 
machine  tools.  The  advantages  are  mcjst 
Appurejit  when  dealing  with  very  mas^i>  e  pieces 
which  bear  a  large  proportion  in  mass  by  coiii- 
piaridon  with  the  portable  machines ;  tbe  mere 
matter  of  cranage  expense  is  a  serious  item,  to 
»ay  nothing  of  the  difiieulties  involved  in  setting 
and  adjusting  such  heavy  pieces.  It  is  a  com- 
jutratively  simple  matter,  however,  to  fix  a 
£m&ll  luachine  on  or  to  tbe  job.  In  shops  that 
diftl  regularly  with  the  large  castings  required 


iiiT  electrical,  marine,  and  engine  work,  tloor 
plates  are  laid  df>wn,  having  a  good  expanse  of 
pli\pe<:l  surface,  with  tee-slots,  by  wbieli  the 
work  is  secured,  while  various  portable  machines 
are  located  around  and  clamped  on  the  plate. 
These  machines  comprise  drills,  borers,  planers, 
shape  rs,  si  otters,  millers.  The  first  are  gener- 
ally of  radial  pattei'u^  the  second  of  horiisontal 
ty|ie.  Planers  have  horizontal  slides,  which 
can  be  angled,  the  shapers  being  built  very 
similarly.  The  slotters  carry  tool-boxes  sliding 
upon  a  vertical  column.  The  raethwls  of  driving 
tliese  tools  ai^e  in  nearly  all  caaes  by  electricity, 
a  drive  which  avoids  the  trouble  and  annoyance 
of  flying  belts  and  ropes  about  the  plate,  tSome 
examples  of  portable  t^ools  are  shown  in  tlie 
photographs,  Figs.  1412  to  144* 

The  machines  employed  for  clamping  direct 
to  the  work  include  drills,  planers  or  shai>er3, 
alotters,  milling,  and  grinding  machines.  And 
there  are  also  those  held  in  the  hand,  such  as 
the  smaller  pneumatic  and  electric  drills, 
hauimera,  tte.  Portable  keyseaters  are  also 
used  in  cases  where  a  shaft  is  fixed  in  an 
awkward  p<isition,  and  is  troublesome  to  remove 
and  replace.  To  save  the  hand  work  which 
would  otherwise  be  necessary,  a  machine  is 
clamped  to  the  shaft,  carrying  a  revolving 
milling  cutter  which  ploughs  out  the  spline, 
the  cutter  being  hand  driven,  Keyseaters  for 
pulleys  and  wheels  are  also  numerous  j  they 
have  a  I'eciprocating  tool  bar  which  is  racked  to 
and  fro  inside  the  wheel  bore,  to  operate  the 
cutter.  There  is  no  limit  to  tbe  diameter  of 
work  which  C4in  be  thns  slotted,  as  there  is  in 
the  case  of  an  ordinary  slotting  machine.  Hand 
driving  is  quite  suitable  for  working  many  of 
the  light  totjls,  and  in  fact  is  more  convenient 
than  any  other  method,  because  it  would  often 
be  inconvenient  or  impossible  to  bring  a  source 
of  power  to  the  tcjol  in  out-of-tbe-way  situati*»ns. 

Fig.  142,  Plato  X.,  shows  a  large  d\mamo  ring 
laid  on  a  floor  plate  ftir  machining  ;  it  also  illus- 
trates how  space  is  economised  by  putting  a 
smaller  armature  ring  inside,  and  operating  on 
it  with  a  portable  drilling  machine  Ijolted  to 
the  plate.  The  ring  is  mounted  on  a  shaft  held 
in  a  base  casting,  so  that  it  can  be  re  vol  veil 
to  bring  successive  portions  of  the  periphery 
around  for  drilling. 
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In  Fig.  143,  Plate  XI.,  a  favourite  method  of 
driving  small  portable  drills  is  shown.  An 
electric  motor  supported  on  running  wheels 
drives  two  short  spindles,  from  which  telescopic 
shafts  with  universal  joints  extend  out  to  the 
drilling  heads,  also  fitted  with  universal  joints. 
The   whole  arrangement   is   very   handy,  per- 


have  a  range  of  travel  thereon.  In  strictness 
a  portal  crane  has  a  small  span,  and  a  gantry 
a  larger  one.  Germany  is  the  home  of  these 
cranes,  where  they  are  seen  in  large  numbers  at 
all  great  ports.  They  are  becoming  familiar 
also  in  Great  Britain. 

Figs.  145,  146  illustrate  a  portal  crane 
by  the  Maschinenfabrik  AugRburg-NUrnberg 
A.G.  Twenty  of  these  were  supplied  for  the 
port  of  Antwerp.  The  gantries  of  cranes  of 
this  kind  are  generally  moved  along  the  wharf 
by  hand  gear  connected  to  one  of  the  running 
wheels.      In   some  designs    the   motor    which 


I 


mitting  of  great  mobility  and  accomincidation 
to  the  work.  The  drill  Sipindle^  are  driven  with 
worm  gearing  inside  th©  casing,  and  are  fed 
down  by  hand^wheel  and  screw*  The  slotted 
baseii  are  bolted  to  the  work  in  any  position 
— horizontal,  vertical,  or  angular.  Another 
method  of  communicating  motion  from  a  motor 
to  a  driHing  head  is  represented  in  Fig.  144, 
Plate  XI,  The  motor  is  supported  on  trunnions 
in  the  bearLoga  of  a  porUible  trolley,  so  that  it 
can  tilt  to  siait  the  angle  of  the  driving  shaft ; 
the  latter  is  splined  and  passes  a  spur  geoi' 
driven  by  a  pinion  on  the  armature  shaft.  Thi^ 
long  shaft  is  therefore  free  to  slide  in  or  out  to 
suit  the  distance  apart  of  motor  and  drill  liead. 
The  cotmeiitioii  at  the  latter  is  eifected  through 
bevel  gearw,  cm  a  swivel  bearing,  A  switch 
l<xiated  on  the  head  enables  the  operator  to 
start  and  iitop  the  motor.  8ee  also  descriptions 
of  pneumatic  tools. 

Portal  Crane.— A  type  for  wharf  i>eriicii 
which  has  developed  extensively  in  recent 
years,  taking  the  place  formerly  occupied  by 
the  hydraulic  wharf  cranes,  and  steam  gantrj- 
cranes.  They  are  nearly  all  actuated  by  elec- 
tricity, which  for  this  service  is  better  than 
either  of  the  agencies  just  named.  They  are 
gantry  cranes,  spanning  the  whai-f,  and  so 
permitting  of  the  passage  of  trucks  and  railway 
wagons  underneath.  The  crane  itself  may  be 
simply  pivoted  on  the  gantry,  or  it  may  also 
126 


Fig.  145.— Portal  Ciaiie.     (Elevation.) 

•  actuates  the  slewing  gear  is  also  made  to 
travel  the  gantry.  Two  motors  are  fitted,  one . 
for  hoisting,  the  other  for  slewing.  The  Ao//- 
portal,  or  angle  portal  crane  has  only  one  leg, 
the  place  of  the  other  leg  being  taken  by  run- 
ning wheels  on  the  other  end  of  the  gantry. 
These  travel  on  a  runway  built  on  corbels 
along  the  warehouse  frontages.     Cross  working 
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is  avoided  by  ha\dng  a  good  wheel  base.  Light- 
ness is  studied  in  the  framings  by  using  brac- 
ing extensively.  The  details  of  these  cranes 
are  similar  to  those  of  other  electric  cmiies. 

Porter-Allen  Engine.— The  desi*^  of 
Sir  C.  T.  Porter,  in  which,  for  the  first  time, 
the  momentum  of  a  reciprocating  engine    was 


four  times  higher  than  those  which  had  been 
previously  employed. 


Fig.  147. — Porter  Governor. 

utilised  for  the  production  of  high  speeds.     He 
adc^ted  piston  speeds   which   were    three   or 


Porter,  Porter  Bar.— A  long  handle 
attached  to  a  short  piece  of  forging,  by  which 
the  latter  is  held  and  manipulated.  The  porter 
may  be  welded  temporarily  to  the  forging,  or 
the  latter  can  be  forged  from  a  long  bar,  and 
cut  off  afterwards. 

Porter  Governor,  or  Centre  Weight 
Governor. — This  is  so  designed  to  avoid  the 
heavy  balls  of  the  ordinary  pendulum  gover- 
nors. In  this  design.  Fig.  147,  as  made  by 
Tangyes,  Ltd.,  the  sleeve  to  which  the  lower 
pair  of  links  of  the  balls  is  attached  is  loaded 
with  a  heavy  weight  (or  in  other  designs  by  a 
spring).  The  design  is  such  that  the  weight  is 
raised  about  twice  the  height  of  that  of  the 
balls,  and  the  sensitiveness  is  about  twice  that 
of  the  ordinary 'pendulum  governor.  A  high 
rate  of  rotation  is  also  practicable.  The  spring 
form  of  loaded  governor  is  often  preferred  to 
the  original  Porter,  with  a  weight.  The  spring 
acts  more  quickly,  and  cushions  any  sudden 
movement,  but  the  strength  of  the  spring  varies 
with  its  degree  of  compression.  On  the  other 
hand,  the  spring  may  occupy  any  position 
other  than  the  vertical. 

Portland  Cement— *Vc«  Cement. 

Ports. — Tlie  openings  of  the  ste^mi  and 
exhaust  passages  of  engine  cylinders.  The 
openings  to  the  air  and  gas  passages  of  re- 
generative furnaces. 

Porty. — A  term  applied  by  pipe  makers  to 
a  print  of  large  dimensions. 
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Positive. — Be'sides  tlie  applies  tiou  of  the 
tenji  to  electric  phenoniena,  and  in  mathe- 
matics, it  is  used  to  signify  the  exact  and 
precise  motion  of  a  portion  of  mecliamstn,  such 
aa  a  pitch  chain,  or  toothed  giiara,  oi*  of  a  series 
of  levers  ;  in  opposition  to  that  of  a  belt-  which 
is  liahle  to  slip.  Positive  stresses  are  those 
wliich  are  compressive  in  character. 

Pot- — The  term  generally  applied  by  steel 
melterg  and  hi'ass  casters  to  their  crycibles. 

Potash. — Caustic  potash^  or  potassium 
hyflrate,  KHO,  is  a  crystalline,  white,  and  ex- 
tremely deliquescent  solid,  soluble  in  half  its 
weight  of  water.  It  has  a  powerful  caustic 
action  on  the  skin.  It  is  prepamd  by  boiling 
a  10  per  cent,  solution  of  potassium  carbonate; 
and  adding  slaked  lirae  : — K^CO^  +  CaH^O^,  = 
2KH0  +  CaCO^-  After  subsidence  the  liquor 
is  drawn  off,  evaporated,  fused,  and  cast  into 
the  familiar  white  sticks.  It  Is  usetl  in  the 
manufactui'e  of  soap. 

Potash  Hardening^—^S'e^  Case  Hard- 
ening. 

Potassium  (K  ;  39^15  ;  sp.  gr,  of  soHd,  -865  ; 
sp.  heat,  IGG  ;  melting  point,  62*5),— ^Potassium 
is  a  bright,  silver- white  metal,  soft  enough  t^  be 
cut  with  a  knife,  hut  brittle  at  0%  Heated  to 
red  heat  it  volatilises  with  a  gi*een  coloured 
vapour.  Potassium  has  such  a  strong  aflinity 
for  oxygen  that  it  is  necessary  to  keep  it  in 
naphtha.  So  rapidly  does  it  oxidise  that  its 
bright  metallic  surface  is  only  seen  immediately 
after  cutting.  It  decomposes  water,  forming 
the  hydrate  KHOj  and  the  temperature  of  the 
reaction  is  sufficiently  high  to  ignite  the 
hydrogen  evolved.  It  also  combines  directly 
with  sulphur,  phosphorus^  and  chlorine. 
Potassium  never  occurs  free  in  Nature,  but  is 
prepared  by  the  reduction  of  |Kjtassium  car- 
bonate with  charciLial  The  two  chief  oxides 
are  the  monoxide  K„0,  and  the  hydroxide 
KHO,  also  called  potaah  or  tuiustic  potash. 
The  chief  salts  are  neutral  potassium  carbonate, 
K.,COjj ;  acifl  potassium  carbonate,  KHCOg ; 
potassium  nitrate  or  saltpetre,  KNOg ;  potassium 
chlorate,  KCIO^ ;  potassium  iixlide,  KI ;  potas- 
slum     bromide,     KBr;     potassium     sulphate, 

PotatoeS' — These  are  often  introduced  into 
steam  b^jilers  to  prevent  incrustation, 
VIS 


Pot  Metal. — A  cheap  brass,  of  variable  and 
uncertain  composition,  melted  up  from  fMX>r 
scrap,  or  a  mixtui'e  containing  a  large  quantity 
of  lead,  in  some  ca,ses  equalling  half  the  amotiiit 
of  copper  present.  In  such  a  proportion,  the 
lead  partially  liquates  in  cooling,  and  the  term 
w&t  pot  me  till  is  used  to  designate  it.  Pot 
metal  is  improved  by  additions  of  tin,  zinc,  and 
antimony. 

Pot  Safety  Valve — A  lift  valve  of  anmilar 
section,  with  a  central  conical  recess  in  which 
a  conical  projection  on  the  lever  fits,  and  which 
slides  within  wings  or  horns  standing  tip  from 
the  seating.  The  valve  is  in  a  condition  of 
unstable  equilibrium,  and  is  therefoi-e  not  liahle 
to  stick. 

Pound. — ^A  measure  of  w^eight  equal  to  10 
ounces.  The  pound  avoirtiupois  equals  7,000 
grains ;  the  pound  troy,  5,760  grains.  (Tlie  old 
English  pound  was  tlie  weight  of  7,680  grains 
of  well  dried  wheiit  from  the  middle  of  the  ear.) 
A  pound  ^  -45359  kilogram.  The  pound  avoir- 
dupois is  the  English  unit  of  mass,  and  is  the 
mass  of  a  piece  of  platinum  which  is  preserved 
in  the  Exchequer  Offices. 

Pound  ah — The  name  given  to  the  unit  of 
force — that  f*)rce  which,  acting  for  a  second, 
will  give  to  1  lb.  of  matter  a  velocity  of  1  fcKjt 
per  second.  The  corresponding  unit  in  ihe 
ineti*ic  system  is  the  Dyne. 

Pouring  Basin. — The  bisin  into  which 
molten  metitl  is  fioured  to  pass  thence  into  the 
in  gate  and  runners.  It  is  of  a  simple  cup 
shape,  or  a  regular  concave  in  the  smallest 
moulds,  but  in  the  larger  it  is  made  of  a  double 
cup  section,  one  being  higher  than  the  other, 
the  former  containing  the  ingate.  The  metal  is 
p<mred  into  the  lower  section  of  the  basin  first, 
and  overflows  into  the  higher  section,  and  then 
begins  to  enter  the  Ingute,  the  reason  being  as 
follows: — When  a  big  ladle  of  metal  is  being 
emptied  into  the  basin,  a  few  moments  are 
occupied  in  making  adjustments  of  the  lip  of 
the  ladle,  dui'ing  which  period  small  quantities 
of  metal  drip  into  the  ba^in.  If  the^e  fell  into 
the  ingate  they  would  form  cold  shots.  But 
by  the  time  the  deeper  portion  of  the  liaain  is 
filling  up,  the  adjustments  are  made,  and  a 
steady  stream  of  metal  is  overflowing  into  the 
ingate.     The  basin  also  aflfords  a  ready  means 
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i4   skimmiug   back  any   scum  which    fliwifes  on 
the  metal  before  it  can  pass  iiit-o  the  ingate. 

Pouring  basins  are  rammecl  in  jfpeen  sand 
within  iron  rings,  in  the  snyilter  sizes ;  or  in 
small  moulding:  boxe^  in  the  larger  sb&es.  The 
lM>xes  may  be  squai^,  ublang,  or  n>uncL  The 
sand  is  rammed  and  worked  by  hand  into  the 
rt*quired  shape. 

Pouring  Gate. — The  ingate,  or  entrance 
gute  to  a  mould,  to  distinguish  it  fnjni  the 
aooondary  |,'ates  or  rnnn^'s^  which  enter  the 
mould. 

Power. — The  equivalent  <»f  work.  The 
€&ct  of  the  exercise  of  force  *>r  preM5ure.  It 
is  measured  by  mechanical  units.  Mechanical 
advantage.  Used  also  as  a  prefix,  or  affix  :— 
power  plant^t  power  hou.«je,  hand  power,  steam, 
livdiiiulic,  or  pneumatic  pjuer,  animal  |:Hivverj 
ht^rae  power. 

Power  Gas. — -An^^  eomhuHtihle  gas  may 
lirciodly  be  designated  sis  a  powei*  gas.  Inter- 
nml  combustion  engine?*  wei-e  first  driven  b}*  the 
i>rdinary  retort  coal  gas  as  Uxsetl  for  house  and 
^.feet  illumination,  and  such  gas^  with  its 
cfiliirific  capacity  of  600  to  800  B/Th.U.  per 
i^ubic  ftx^t,  was  very  suitable  for  us&e  in  the  small 
engines  w*hicb  alone  were  matle  in  the  tMirly 
fiA\*s  of  the  gas  engine  industry.  But  town's 
ga^  had  Itft  disadvantages  and  its  limitations. 
It  waa  purified  at  considenible  expense  for 
incjocir  combustion,  and  wa^  therefore  an  ex  pen- 
inre  fuel  to  use  even  in  small  engine«i,  and  this 
fact  soon  showed  prominently  when  gas  engines 
grsir  larger  and  ran  more  continuously  on 
n^fiilAr  factory  work.  Then,  again,  town's  gas 
%r«ia  veiy  rich  in  hydrogen  ur  its  compounds, 
and  this  rendered  it  very  easily  ignitible  under 
very  moderate  degrees  of  compression.  Pi'e- 
igni^ons  were  liable  to  occur,  and  these  were 
Apt  to  be  dangerous  except  with  small  engines. 
Til©  degree  of  compression  had  con?^equently  to 
bo  1&q>t  very  moderate.  But  since  economy  is 
liest  secured  with  a  high  rate  of  i*onipre-ssion,  it 
fuUow«d  that  the  rich  gas  Ci*uld  not  l>e  employed 
to  tba  beat  advantage  As  the  gas  engine  grew 
in  Hi»e,  the  gas  producer  was  brought  into  use; 
thw  converted  coke  or  anthrainte  c<ml  into 
carbonic  oxide  gas  for  power  i>uq>t3Be.s,  and,  in 
4iftler  to  make  the  fullest  use  of  the  heat 
^enertt^ted  by  this  production  of  carbonic 
VOL.  til. 


oxiile,  it  became  custi>mai'y  t*i  blow  a  certain 
proportion  of  steam  through  the  hot  fuel 
with  the  air  supply.  Tlie  formula  for  the 
production  of  Ciirhonic  oxide  fi-om  coke  or  pui'e 
carbon  with  atmospheric  air  is  approximately 
as  follows:  (0 +  4N) +  C -CO  +  4N,  the  N 
being  the  unavoidable  nitrijgen  of  the  atmos- 
phere, which  remains,  of  course,  in  tlie  product 
and  greatly  dilutes  it,  reducing  its  calorific 
capacity,  and  rendering  the  gas  very  safe  for 
hfgh  compression.  But  when  using  steam,  the 
reaction  in  tlie  producer  is  as  follows  : — 

(O  +  4N)  f  H,0  +  '2C  =  2QO  +  H,  +  4K 
Here  the  same  amount  of  air  sullices  to  pnxluce 
twice  as  umch  carbonic  oxide,  Thei^e  is  als<i 
an  et|ual  volume  of  pure  hydrogen,  and  in  place 
of  two  volumes  of  CO  and  four  of  diluent  nitn> 
gen,  the  steamed  proilucer  gives  four  volumes 
of  CO  and  two  volumes*  of  hydrogen,  or  six 
volumev'?  in  all  of  combustible  gas,  and  still  only 
four  volumes  of  nitnigen.  The  relative  dilution 
nf  nitrogen  is  now  only  two  to  three  in  place  of 
two  U}  one,  and  the  resulting  gas  is  much  moi*e 
calorific. 

The  steam  is  split  up  by  the  heat  of  formation 
of  the  CO,  and  the  hydrogen  is  set  free,  while 
the  oxygen  takes  up  carbon  fi*om  the  i^-hcit 
coke,  and  pi'oduces  more  CO.  The  amount  uf 
steam  tliat  can  thus  be  fed  into  a  producer  is 
limited.  If  too  much  is  employed,  the  pitniucer 
will  be  c*>oled  and  ultimately  extinguiBhed 
altogether.  The  actions  above  outlined  are 
never  carried  out  perfectly.  Some  of  the 
carljon  becomes  completely  burned  to  dioxide 
f>r  CO,i.  This  iiepresents  so  much  absolutt^ 
wa*ite.  Air  niay  pass  unchanged  through  thi* 
fuel  in  the  producer'.  ThL^  will  account  ftir 
the  presence  of  oxygen  iu  the  gas  arid  in  itself 
cannot  be  called  a  waste. 

The  large  amount  of  liydrogen  is,  of  course, 
apt  to  set  up  p re-ignition,  and  must  be  guardcfl 
against  by  carefully  moderating  the  compresMion, 
thus  limiting  the  economy  to  be  secured.  Hence 
the  adhesion  of  some  engineers  to  the  use  of  a 
power  gas  of  not  over  120  B.Th.U.  capacity 
per  cubic  foot,  one  fairly  free  from  hydrogen 
down  Ui  about  5  or  at  most  8  per  cent.  Blast 
furnace  gas  appears  to  be  an  almoat  ideal  powci" 
gas,  for  it  has  a  calorific  capacity  of  only  some 
100  B.Th.U,  per  cubic  foot,  and  it  is  low 
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in  hydrogen.  It  will  tliei*efore  stand  a  high 
degree  of  compression  with  safety,  and  yet  it 
will  ignite  with  i-egularity  and  certainty. 
Some  hydrogen  m  i*egardeci  with  favour,  be- 
cause the  presence  of  hydrogen  assists  the 
pixtpagation  of  flame  throughout  the  mass  of 
II  charge  of  gas  in  a  cylinder. 

The  following  analys^es  of  various  power  gases 
are  given  by  Bryan  Don  kin  : — 


steam  liein^  used.  Much  of  the  jwiwer  gas  in 
common  use  is  made  in  wliat  are  termed  suction 
producers,  the  action  of  w^hich  differs  nothing 
in  principle  from  that  of  the  fan  blow^n  producer. 
The  latest  type  of  gas  producer  resemble;^ 
the  blast  furnace  in  that  it  is  supplied  >vith  a 
certain  prf>pi)rtion  of  limestone  with  the  fuel, 
this  limestone  serving  as  a  tlux  for  the  cliijjEer 
of  the  fuel^  w^hich  is  thus  enahlefl  to  be  dis- 


Niune  of  Gas. 

CniHn. 

CH,, 

00. 

H. 

CO.i^^N. 

Lighting  gas 
Coke  oven  gas    - 
Blast  furnace  gas 
Producer  ga.s 
Mond  gas  - 

3-5  to  7 

1-5  to  3 

30  to  40 
25  to  35 

0  tol 

1  t«  2-5 
1  to3  5 

5  to  10 

5  to  10 
20  to  28 
16  to  28 

3  to  16 

35  bo  50 
50  to  55 

3 
10  t^i  20 
25  to  30 

Remainder, 

1! 

The  calorific  capacities  in  the  order  named 
are  450  to  560 ;  340  U>  560;  B4  to  110;  124 
tc»  146  ;  B,\\d  136  to  146  B/fh.U,  per  cubic  foot. 
It  is  obvious  that  with  a  producer  worked  with- 
out steam  tht^  analysis  will  resemble  that  of 
blast  furnace  gas,  and  it  is  to  such  a  gas, 
isith  little  hydrogen  and  safe  at  high  com- 
pression for  use  in  big  engines,  that  the  term 
power  gas  iH  perhaps  most  usually  considered 
applicable. 

Water  gas  is  made  by  passing  steam  alone 
through  a  mass  of  incandescent  fuel,  rendered 
incandescent  by  pas.sing  air  through  it  and 
running  the  carbon  dioxide  to  waste.  Wat^^'r 
gas  is  thus  produced  by  an  alternating  pnx-ess 
iil  air  and  steam  blast,  the  steam  produced 
gas  alone  btnng  s^ivetl,  and  l>eing  composed  all 
of  H  and  CO.  or  H,0  +  C  =  H,  +  CO.  Air 
gas  is  produced  when  air  alone  is  pa^ssed  thi'ougli 
a  deep  bed  of  fuel^  and  the  result  sought  for 
is  GO  and  N,  Between  these  extremes  there 
are  any  nuinlier  of  gases  possible  under  the 
name  of  ^emi- water  gas,  the  pn>cess  usually 
being  continuous  and  not  more  steam  being 
employed  than  can  be  dealt  w*ith  by  the  surplus 
heat  of  the  producer.  An  ideal  air  gas  contains 
34*7  per  cent,  of  carbonic  oxide  and  65 '3  per 
c,*ent.  at  nitrogen.  As  made  in  practice  there 
w411  l>e  about  3  2 '5  per  cent,  of  CO,  1  per  cent  of 
hydrf>gen,  and  1  -5  per  cent,  of  CO.,,  very  little 
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chai'gerl  liquid  from  the  producer,  thvit>  saving 
the  lalx)ur  of  clinkering.  But  in  all  the  many 
modifications  of  operation  all  jjixidueers  wt>rk 
on  the  same  general  lines  and  produce  either 
air  gas,  w^ater  gas,  or  some  iotermetliate  variety. 
There  ai-e  still  those  who  will  not  agree  that 
a  gas  rich  in  hydrogen  will  explode  more  readU}* 
than  other  less  hydrogenous  mixtures,  but  the 
general  consensus  of  opinion  is  in  favour  of 
limiting  compression  where  hydrogen  is  present 
in  considerable  percentage*  Hince  compression 
is  at  the  basis  of  economical  working,  it  is  re- 
garded by  some  experts  to  l>e  necessary  that 
f  utui'e  developments  shtjuld  embody  that  system 
of  w^orkiiig  gas  engines  which  intit>iiuces  the  gas 
in  a  state  of  high  compi^a«^ion  itself  into  an 
alreatly  compreJised  charge  of  air  at  the  exact 
time  when  combustion  is  wanted  to  tiike  jjlace. 
This  is  already  done  in  the  Diesel  and  in  the 
Johnston  oil  engines,  and  ought  to  be  done 
with  the  gas  engine,  for  it  is  the  best  asaurance 
of  safe  working*  It  enables  tlie  gaseous  charge 
to  be  burned  gradually  instead  of  being  violently 
exphwled.  When  this  has  been  carried  out  to 
a  successful  issue,  the  range  nl  compr^sition 
of  power  gas  can  be  safely  extendt»d  to  any 
percentage  of  hydrogen  that  may  be  found  desir- 
able for  ectinomy  of  producer  working.  Pend- 
ing this,  however,  power  gas  nmst  consist 
essentially  of  carbonic  oxide  with  ita  una  void- 
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Fi|5,  149.— Seif-Fkkdim;  Power  Prkssl 
{Taylor  i  Challun,  Ltd.) 
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fible  diluents,  3***^  Blast  Fumace  Gas^ 
Fuels*  Gas  Engine. 

Power  Hamniers-  —  Theise  are  used  Ik\x 
the  Wger  €la/4H  of  eiigineei'^'  forgings»  mxd 
iruppersmithingt  and  vary  in  type  nnrl  dimen- 
saotis    with    requirements.       Many    me     l>elt- 

driven.  -^>^'  Pneumatic  Planishing  Ham- 
merSt  Pneumatic,  Spring,  and  Steam 
Hammers^ 

Power  Press. — A  prefis  in  which  shect- 
fiiftal  articles  ai^  blanked ^  nr  cut  out,  t^tani[>e4l 
or  dm^m  into  shape,  *fec.  The  nmveinent  i.s 
lierived  from  a  revolving  shaft,  openiting  cam, 
fir  eccentric,  *jr  toggle  actions,  \vhit4i  impart 
an  up  and  down  motion  to  a  ram  sliding 
bet%ireen  guitless,  above  a  table  or  bed  on  wlueh 
the  work  is  placed  in  suitable  dies.  The  ram 
carries  punches  or  dies,  and  by  the  combinefl 
action  of  tliese  and  thosie  on  the  table  tlie  work 
b  accomplished.  A  clutch  mechanism  is  in- 
corporated, by  which  the  connection  between 
the  driving  pulley  and  the  cjim  shaft  may  In* 
hrokeOf  to  let  the  shaft  stop,  and  keep  the  ram 
lit  its  higb€^t  position  tintil  a  stroke  is  require^i 
A  treadle  \b  depressed,  and  the  ram  descends, 
them  rises,  and  dwells  at  the  top  pt^sition.  Tlie 
raaaom  for  this  is  to  allow  the  c^j^eititoi'  tinje 
til  place  a  fresh  article  in  the  dies,  mthnut  risk 
<if  injury  to  the  hands.  In  cases  where  opcrn- 
dons  can  be  carried  on  continuously,  such  as 
in  punching  blanks  from  a  kmg  strip  or  roll, 
the  machine  runs  without  stopping,  and  the 
attendant  has  only  to  see  that  sufficient  material 
\%  supplied.  Boilers  are  usually  employed  ftir 
ft^edLug,  and  they  are  driven  by  a  crank-disc 
f»r  cam  on  the  end  of  Uie  main  cam  shafts  su 
that  the  relative  motions  are  correctly  timed. 

The  larger  presses  are  powerfully  geared,  to 
obtiiin  sufficient  pressure,  amounting  to  as  much 
as  1 ,000  tons  in  some  cases, 

A  heavy  type  of  press,  employetl  for  blank- 
ing* perforating,  embossing,  *tc.,  is  shown  in 
Fig.  148,  Plate  XL  It  has  a  2i  in.  stmke, 
iukI  the  bedplate  measums  54  in.  by  35|  in. 
Tlife  ram  is  actuateti  by  two  couplings  froin  the 
ct^entric  shaft,  a  simultaneous  adjustment  of 
iht*  !*erews  of  the  couplings  being  effected  by 
worm  ge&r,  to  alter  the  height  of  the  ram. 
TIjc  driving  m  effect^  from  the  fast  and 
Vmj^  pulleys  at  the  rear  left-hand,  coiuiected 


through  8 pur  gear  to  the  eccentric  shaft;  a 
pi'essure  of  1 50  tons  can  he  exerted.  The  bolts 
which  tie  the  body  casting  to  the  bed  are 
splayed  out  to  avoid  interference  with  sheets 
jilaced  in  the  dies, 

A  press  fitted  with  auUimatic  feed  rollers  for 
ribbt^n  metal  is  illustrated  in  Fig.  149,  Plate 
XI,  It  is  constructed  for  combined  blanking 
or  cutting,  m\i\  cupping  t»r  di'aw4ng,  there 
Wing  an  inner  ittm  working  with  an  outer 
sHfle.  The  height  of  this  inner  ram  is  adjust- 
able by  a  screw^ed  coupling,  by  which  the  relative 
pt>sitions  of  the  cutting  and  the  drawing  dies 
are  mofhfied.  The  automatic  feed  given  to  the 
rollers  seen  cm  the  bedplate  is  effected  by  spur 
geai-s  worked  from  a  connecting  rod  rocked  by 
a  lever  actuatefl  by  a  cam  on  the  eccentric 
^haft.  At  eiR^li  stroke  of  the  rams,  therefore, 
the  feed  rolls  are  given  a  ^»artial  turn  which 
fee<ls  the  sheet  forwaix!  under  the  dies. 

Power  Transmission   in   Factories.— 

The  choice  of  the  method  of  transmission  of 
p:)wcr  in  a  works  lies  between  belts  and  electric 
moti>rs.  A  compromise  is  effected  by  driving 
sectional  lengths  of  shaft  by  motor,  thence 
driving  by  beks  to  the  machines.  This  is 
rendered  necessary  by  the  fact  that  existing 
machines  ai'e  mostly  adapted  for  belt  drives 
only.  Main  l>elts  are  thus  done  away  with,  but 
that  ifi  all.  The  use  of  main  belts  and  main 
iiifie  drives  is  lessening  in  the  nioilern  factory. 
Tlie  electric  conductor  is  taking  their  place, 
and  motor  driven  machines.  The  agents  t>f 
transmission,  as  sihaftingj  bearings,  and  ^y  on, 
are,  thanks  to  the  use  tjf  steel  shafting,  swivel 
Ijearings,  and  self  lubricating  arrangements,  less 
wasteful  of  power  than  of  old.  Roller  bearings 
have  been  intrtxluced  into  factories  for  shaft 
Ijearings.  The  enormous  amount  of  belting 
and  pulleys  re(|utred  in  a  large  establishment 
gives  rise  to  pi^oblems  of  great  importance  that 
affect  not  only  the  general  arrangement*:  or 
lay  of  the  shafting,  but  alst.i  the  cjaestions  of 
the  new  machinery  which  w^iU  be  rec|uired  from 
time  to  time.  Alternative  aiTungements  of 
shafting  have  to  lie  considered  in  planning 
a  shop.  ITie  use  of  an  overhead  traveller 
prevents  running  the  main  shaft  down  the 
centre  of  the  r<M>f,  unless  it  can  be  kept  well 
above  the  traveller,  which  is  not  often  possible. 
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The  two  best  methods  of  driving  when  circum- 
stances permit,  and  by  which  the  traveller  is 
avoided,  are  these: — In  a  shop  which  is  not 
flanked  by  side  bays,  the  line  shafts  are  placed 
as  high  up  as  possible,  just  under  the  traveller 
girders,  running  between  the  columns,  when 
the  construction  of  the  latter  is  of  the  open 
kind.  The  drive  from  thence  to  the  counter- 
shafts is  then  nearly  vertical.  In  this  case, 
grids  or  plates  bolted  between  the  columns 
receive  the  bearings  for  the  counters.  The 
traveller  girdei's,  or  the  upper  portion  of  the 
*  columns  receive  the  bearings  for  the  line 
shafting,  or  the  motors  if  the  electrical  drive 
is  adopted.  The  objection  to  this  method  is 
the  vertical  drive,  and  the  shortness  of  the 
belt  coming  from  the  line  shafts  to  the  counters. 
It  is  not  good  practice,  but  in  the  class  of  shop 
named  there  is  no  alternative. 

When  a  main  shop  with  a  traveller  is  flanked 
by  side  bays  without  travellers,  then  the  line 
shaft  is  often  carried  in  the  latter,  driving  to 
counters  at  the  sides  of  the  main  bay.  The 
same  line  shaft  also  may  drive  light  machines 
in  the  side  bay.  The  foregoing  matters,  and 
those  which  are  related  thereto,  have  to  be 
thought  out  and  settled  before  the  details  of 
the  buildings  are  fixed.  The  problems  of 
smithy  and  boiler  shop  are  akin  to  these,  and 
need  not  be  detailed.  In  some  cases  a  plan  is 
adopted  which  is  open  to  the  objection  of 
occupying  floor  space.  The  countershafts  and 
bearings  are  carried  on  tall  standards  bolted 
to  the  floor,  and  high  enough  to  give  a  reason- 
able length  of  belt  drive  to  the  machines. 
This  is  a  design  which  is  only  adapted  to  a 
few  light  machines  stuck  down  in  the  middle 
of  a  shop,  away  from  a  proper  support  for 
countershafts.  Underground  shafting  is  em- 
ployed in  a  good  many  wood-working  machine- 
tool  shops. 

In  laying  out  a  machine  shop  a  difficulty  lies 
in  the  fact  that  the  equipment  of  machines 
cannot  be  foreseen  for  a  long  term  of  years ; 
that  though  laid  out  with  good  judgment  in 
the  first  place,  a  few  years  may  suffice  to  effect 
profound  changes  in  the  methods  of  doing  work, 
without  even  supposing  any  alteration  in  the 
class  of  work  done.  It  is  therefore  necessary 
to  make  arrangements  that  will  permit  of  the 
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laying  down  of  new  machines,  and  if  need  be, 
of  making  rearrangements  in  the  location  of 
existing  machines.  This  involves  alterations 
of  the  countershafts,  and  to  effect  these  readil}^ 
is  the  object  of  many  devices  in  use.  The  old- 
fashioned  method  of  boring  fresh  bolt  holes  in 
timber  beams  as  often  as  countershaft  bearings 
require  to  have  their  positions  altered  is  a 
barbarous  one,  that  should  no  longer  be  tolerated 
in  a  works.  There  are  several  devices  which 
permit  of  such  alterations  in  position  without 
boring  holes.  Besides  this,  timber  is  not  the 
best  material  to  use,  notwithstanding  that  it  is 
retained  in  large  numbers  of  establishments. 
There  is  always  a  slight  risk  of  fire  occurring 
if  dust  is  allowed  to  accumulate  on  timber 
beams.  Timber  is  liable  to  warp,  and  throw 
bearings  out  of  truth,  and  it  lacks  rigidity.  The 
best  method  of  fixing  the  bearings  of  counter- 
shafts is  to  bolt  grids  between  the  main  columns, 
and  these  are  therefore  largely  used,  cast  iron 
being  generally  employed  in  preference  to  mild 
steel,  because  stiffer  and  better  qualified  to  resist 
the  \dbrations  set  up  by  the  pull  of  belting.  The 
forms  used  vary  from  simple  chequer  work  or 
open  plates  to  boxed  built-up  frames.  A  single 
ribbed,  chequer-work  plate  may  be  used,  but  a 
better  design  is  the  boxed  one.  This  plate 
serves  tv;^o  adjacent  bays,  so  that  bearings  can 
l)e  bolted  to  each  vertical  face,  and  also  to  the 
bottom  one.  The  construction  is  that  of  four 
chequered  plates  cast  in  lengths  of  about  6  ft., 
bolted  together  and  to  the  main  columns. 

The  nature  of  the  provision  made  for  electric 
driving  depends  on  the  system  selected.  The 
sectional  system  seems  the  best  to  adopt  ex- 
cepting in  the  case  of  very  heavy  machines, 
which  should  each  have  its  individual  motor. 
The  advantage  lies  in  the  greater  economy  of 
large  motors  over  small.  In  the  machine  shop 
of  the  English  Electric  Manufacturing  Co., 
Ltd.,  of  Preston,  the  800  ft.  of  line  shaft  that 
runs  down  the  centre  of  the  machine  shop  is 
divided  into  eight  sectional  lengths,  so  arranged 
that  each  can  be  driven  by  its  own  motor,  or 
the  whole  by  one  or  more  motors.  All  the 
machine  tools,  some  of  the  larger  ones  excepted, 
are  driven  from  this  one  line  shaft  in  eight 
motor-driven  sections.  In  the  Arc  Works  of 
Crompton    k    Co.,    Ltd.,    of    Chelmsford,    the 
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aectiotial  and  the  inflividuai  systems  ait*  Iwtli 
employed.  There  are  three  sseetiotial  Itn&s  of 
shafting,  e&ch  driven  by  ite  own  motor,  driving 
mificellAneous  groups  of  tools.  But  alt  tUi.' 
heavy  and  medium  heavy  tools  ai'e  driven  ejich 
by  \tM  own  motor  of  a  type  designed  by  the 
Company T  and  suspended  from  the  longitudinal 
girders  that  carry  the  travelling  eraiies.  Thesse 
motors  range  from  one  to  tsix  hoi'se  power,  and 
the  tspeedfl  of  their  countorslmfl^  I'linge  from 
100  to  250  reTolutions  per  tninntej  rediiction 
being  by  means  of  raw  hide  pinions  working 
into  cut  gears. 

Power  Trajismission  Lines. — May  he 
len^h^  of  eleetrieal  conductors,  either  as  under- 
ground cables  {a**!  Rlectric  Cables)  or  over- 
he^  conductor  lines ;  usually  t!ie  latter  are 
thus  ealle^l. 

Transmission  lines  are  usually  construeted  of 
bore  eopper  wire^i  or  rods  earned  upon  insulated 
(iUpporta  attached  to  wood  or  st«el  poles  fixed 
in  the  ground.  There  are  nut  many  hea\;y 
inmsmi^ons  aa  yet  in  this  rtiuntry,  of  any 
gT«at  lengths  although  numerous  exainple'^  of 
short  private  power  lines  have  h«5n  erectetl 
where  scattere<l  wurlcs  aix*  supplied  with  power 
from  a  central  station.  The  best  example  is 
probably  that  of  the  North  Wales  Power  Co. 
recently  consti'ucted  for  triinamitting  three- 
phase  current  a  considemble  distance*  On  the 
Ci^ntinent  and  in  Canada  and  the  United 
Htiites  there  are  many  long  line^  carrying 
thou*^nds  of  horse  power,  in  some  ca^^es  weveral 
hnndrwl  niile^  at  pressures  up  to  and  <iver 
60,000  volt^ 

Tlje  conductors  are  us-iually  of  copper,  although 
phosphor  hix^mie  and  other  similar  alloys  havi^ 
been  in  some  easea  tried.  Aluminium  has  also 
bet*n  experimented  with,  hut  copper  appears  to 
hiiTe  the  beat  qualities  for  tlib  w*ork.  Tlte 
insula tioQ  is,  of  course,  most  imporbint,  and  the 
ti*ansmi8&ion  line  has  been  awaiting  the  develop- 
ment of  insulators  suitable  for  the  very  high 
pressures  necessary  for  ecimoraical  transmission 
over  long  distances. 

Iniiulators  have,  however,  recently  been  niurh 
improved,  so  that  transmLs^ion  lines  are  now 
rapidly  increasing  in  gij^  and  length  in  places 
wlieFe  centralisation  of  plant  to  «erve  large 
area^  is  an  advantage. 


8i>me  type^  of  the  insulators  used  will  be 
found  illustrated  under  InsuIatOFS- 

Pre-admission^ — The  introductit>n  of  steam 
to  a  cylinder  to  act  against  the  piston 
immediately  before  the  termination  of  its  stroke. 
This  is  i*egulated  by  the  lead  of  the  valve. 

Precipitate. — A  pi^cipitate  is  a  m>lid  sub- 
stance thrown  down  in  a  liquid  owing  to  the 
decomposition  of  the  latter  by  the  action  of  a 
chemical  agent,  a  gas,  or  sometimes  the  action 
of  the  air.  The  precipitate  may  either  have 
been  formed  by  chemical  action  or  have  been 
held  in  stilution.  Precipitation  is  I'esorted  to 
either  to  purify  M^lutions,  or  in  chemical  analysis. 
The  addition  of  a  suitable  reagent  to  a  solution 
gives  a  characteristic  precipitate.  Thus,  st>lu- 
tions  of  ferric  sjilts  yield  a  brown  precipitate 
with  ammonia ;  solutions  of  lead  salts  yield 
white  precipitates  with  dilute  H^SO^,  or  HCl, 
and  a  yellow  precipitate  in  potassium  iodide; 
sulphuretted  hydrogen  throws  down  a  bla<;k 
precipitate  from  cupnc  conn>ounds,  and  so  nn. 

Premium  Systems,  or  Bonus  Systems- 

— Designed  to  avoid  the  evils  h<jth  of  day  work 
and  piece  work.  The  fundamental  idea  is  that 
the  workman  in  any  case  receives  his  day  wages, 
but  extra  output  is  rewarded  by  a  definite  share 
of  the  value  of  the  additional  output.  In  this 
way  the  cost  of  the  job  is  reduced  to  the  em- 
ploye r*  while  the  workman  receives  more  pay. 
Statistics  prove  that  the  average  time  taken  by 
nuicbinists  working  under  this  system  has  been 
reduced  by  from  20  to  ^^y  per  cent,  in  some 
cases  more,  by  comparison  with  the  time  occupied 
when  day  work  was  the  practice. 

An  essential  to  the  successful  working  of 
this  system,  as  in  piece  work,  is,  that  prices 
once  fixed  should  not  be  altered,  except  when 
the  conditions  imposetl  by  machines,  jigs,  and 
other  aids  are  changed.  In  fact,  cases  have 
occurred  of  firms  having  miscalculated  prices, 
and  contiimed  to  allow  the  men  to  earn  high 
premiums  rather  than  break  faith,  and  destroy 
confidence.  Out  of  the  premium  system  has 
arisen  the  need  for  "  rate  fixers,"  These  are 
men  whose  sole  duty  consists  in  noting  the  time 
occupied  on  each  individual  job  in  the  shop, 
and  from  these  data  fixing  the  rates  for  the 
men^  This  iis  done  in  onler  tf>  relieve  the  fore- 
man of  that  jmrticuhtr  duty,  and   t**   piN>vide 
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an  impartial  assessor  between  employerM  ami 
men.  It  is  a  fact  that  few  workmen  are  able 
to  ©stimatfi  the  time  which  a  job  should  occupy, 
even  though  it  is  done  on  a  machine  which  they 
are  constantly  operating.  And  there  are  many 
leakages  and  little  losses  which  tend  to  disappear 
under  a  system  which  puts  a  pi'emium  an 
et^onomy^  Men  on  day  work  may  honestly 
endeavour  to  render  a  fair  return  for'  wages, 
but  the  same  men  under  the  inducements  of 
the  premium  system  do  in  fact  turn  out  con- 
siderahly  more. 

The  premium  system  is  now  about  twenty 
years  old,  having  been  first  inti'txluced  in 
America.  The  Halsey  system  is  that  most  in 
use  there.  In  England  the  R^iwan,  and  the 
Weir  are  adopted.  The  difl€*i*ences  ai'e  those 
of  pnjportionate  division  of  the  money  saved. 
In  the  Halsey  system  30  per  cent*  was  given  to 
the  workman,  in  the  Weir  one-half  the  time,  in 
the  Rowan  oxtra  wages  payiiient  in  dii>?ct  pro- 
portion to  the  time  saved,  so  that  if  a  man 
aaved  ten  hours  on  a  job  lie  would  receive  ten 
horn's'  extra  pay.  It  matter's  little  what  rate  is 
fixed,  thou^'h  tt)  encourage  the  workmen  it 
should  lie  high.  The  e^ssentials  are  the  stabiHty 
of  time  wages,  the  inducement  to  earn  extra, 
and  the  separation  of  jobs,  so  that  a  loss  qu  one 
job  will  not  have  t4>  be  made  good  fi'om  another. 

Pre  release. — Openhig  the  end  of  a  cylinder 
to  exhaust  immediately  before  the  termination 
of  the  piston  stroke,  to  avoid  the  evil  of  excels* 
81  ve  l>auk  pressure. 

Press. — See  Hpecific  heads. 

P  re  sses.  —  Sm  aho  B  a  1  ing  Pre  ss  ■  Presses 
are  used  for  compressing  agricultural  and  other 
products  into  bale^.  For  the  heavie^st  work 
hydraulic  presses  are  used,  hut  there  ai'e  a  great 
many  varieties  of  press  worked  by  hand,  or  by 
horse  power,  or  by  a  belt  from  an  engine.  They 
at^  u«e<l  chieHy  for  haling  hay  and  straw.  The 
hand-power  presses  are  generally  worked  by  a 
lever  and  toggles,  or  in  some  cases  by  screw 
power.  The  mechanism  is  arranged  so  that 
with  utjiform  power  at  the  Jever  the  ram  or 
plateti  moves  quickly  at  first,  and  slowly  and 
with  greater  power  at  the  conclusion.  A  pawl 
and  ratchet  prevents  slipping,  and  means  are 
provided  for  exposing  the  parts  of  the  bale  for 
tying  before  releasing.  The  htirse-power  presses 
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¥Li'B  generally  worked  by  a  horse  walking  in  a 
circle.  They  are  arranged  so  that  the  power 
expended  is  equalised  throughout  the  operation. 
The  power-driven  pres^s  usually  have  a  quick 
release  whereby  the  ram  is  drawn  back  in  alx>ut 
one-quarter  of  the  time  it  occupies  in  moving 
forward*  The  speed  of  the  forwai'd  movement 
is  varied  also,  being  quick  at  the  commencement 
of  the  stroke,  when  little  power  is  required,  and 
slow  at  the  end,  w^hen  the  maximum  power  is 
exerted. 

Press  Fit,  or  Force  Fit,  or  Driving  Fit* 
— A  fitting  of  shaft  and  boi-e  so  tightly  that  it 
has  U)  Ije  effected  by  hydraulic,  or  sci^ew  pres- 
sure.   See  Limit  Gauge,  Limits. 

Pressure-  — The  force  exert*^!  by  one  body 
on  another.  It  may  or  may  not  product^ 
motion ;  in  tlie  first  ca^^e  it  is  dynamicj  in  tin- 
second  static.  The  phenomena  of  pressures  a  a* 
constantly  in  evidence  in  engineers*  work,  in 
solids,  in  liquids,  and  gases,  the  leading  fact^ 
of  wiiich  are  stated  under  M]>ecific  hea<t^. 
Pi-essures  in  ngid  bodies  pitKiuce  sti^esses  and 
strains;  liquids,  being  practically  incompressible, 
transmit  pressures  equally  in  all  directions,  and 
in  direct  proportion  to  area.  In  gases,  pressure 
generates  heat,  and  therefore  pressures  and 
temperatures  are  related,  a  fact  utilised  in  all 
heat  engines.  Reuleaux  has  applied  the  term 
pressure  organs  to  distinguish  a  group  of  machine 
elements  from  the  tension  organs.  It  is  a 
convenient  classification,  including  as  it  doea 
all  fluids,  whether  liquids  or  gases,  the  particles 
of  which  can  be  separated  re-adily,  but  which 
will  endure  compression,  the  utilisation  of  which 
occurs  in  the  transmission  of  pre^ssures,  and  of 
niovements  under  pressure.  It  includes  all 
the  mechanisms  in  which  steam,  air,  and  water 
are  used,  whether  statically,  or  dynamically. 

The  increase  in  pressures  in  steam  boilers  has 
had  a  most  inarked  influence  in  the  pmctict* 
of  the  boiler  shop,  and  in  the  developnient  of 
powerful  machines,  and  has  been  a  factor  in  the 
grow^th  of  the  w^ater-tul>e  boiler.  It  has  also 
revoluti<mised  the  manufacture  of  steam  pipes. 
The  high  pressures  used  in  hydraulic  pumj.>s, 
accumulators,  and  presses  have  exercised  no 
less  influence  on  the  practice  of  the  foundries 
dealing  with  this  class  of  work.  Kot  only 
mass,  but  judicious  distribution  of  metal^  and 
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potiriiig^  aiicl  of  curing,  aiid  staying 
affected. 

pressures  employed  are  tlio^  re- 
in srientific  experiaients  in  gases.  Sir 
ick  Abelj  and  Sir  Andrew  Noble  in  their 
he-s  on  the  gases  from  fired  gim-powder 
irdite,  obtained  in  closed  steel  cylindei's 
rea  as  grettt  as  95  tons  to  the  square 
jid  temperatui'es  as  high  as  4,000**  Cent. 
erunenls  on  the  hquefaction  and  soHdlfiea- 

gases»  high  pressures  are  combined  with 
g  mixture'i.  S*^r  Atmosphere,  Baro- 
;  Centre  of  Pressure,  Cylinders — 
i;th  of,  Dam,  Gases,  HydrauUcs, 
>statics»  Retaining  Walls,  and  other 
I  suhjeet^. 

^SSUre  Blower — Distinguishes  the 
e  blower  from  the  exhauster  and  from 
I.    See,  Blowen 

sstire — Centre  of — ^^  Centre  of 
ure. 

ssure    Filter- "A   type   of   feed  water 
^tn ployed   for  removing  the  grease  from 
Lter  through  a  filtering  medium.      The 
i^'f   filterj    Fig,    150,   is   shown   in 
^  from  which  its  construction  will  be 

The  coui'T*e  of  the  w^ater  is  indi- 
ly  the  ari'ows  entering  at  the  rights 
mlet,  passing  through  a  valve  con 

by  the  hand- wheel ,  thence  through 
liner  into  tlie  filtering  portion, 
eonsists  of  cjocoanut  fibre  upon  gun-metal 

The  course  then  taken  is  down  through 
tlet  \*alve  and  out  througli  the  left-hand 
?*  The  coek  in  the  lid  ia  an  air-outlet 
tnd  the  one  placed  above  the  feed-inlet 
s  for  steam  cleaning. 

difference  in  the  pre^ssure  type  filter 
le  suction  type,  is  that  the  tirst  is  situ- 
letweeii  the  feed  pump  and  tlie  b*>ilers, 
,he  second  is  placed  before  the  feed  pump, 
le  water  is  therefoiT  di*awn  through, 
I  of  being  forced.  The  construction  of 
o  patterns  differs  but  slightly. 
ssure  Gauges — Tliese  are  divisible 
vo  main  types ;  the  mercurial,  or  those 
depend  for  their  action  on  the  pi'ea^ure 

fttuiospherei  and  the  metallic  or  steel 
ype,  in  whicli  Uie  elasticity  of  metals  is 


Mm^ctivxol  Gauges, — These  have  long  been 
obsolete,  having  been  unsuitable  for  high 
pressures,  besides  not  being  of  compact  ileaign. 
The  principle  is,  that  the  pressure  of  the  steam 
acting  on  a  column  of  mercury  in  one  leg  of  a 
U  tube  forces  up  the  mercury  in  the  other  leg, 
and  a  fioat  on  the  surface  of  that  is  made  to 
give  a  reading  on  a  scale  corresponding  with 
the  pi"essure*  Such  a  gauge  could  only  he 
used   for   very  low  pr-essures.     Another   type. 


Fig-  15«),— Preaaure  Filter.     (John  Kirkftldy,  Ltd.) 

therefore,  has  been  usckJ  in  which  a  closed  tube 
receives  the  pressure,  the  column  of  mercury 
therein  l)eing  thrust  up  against  the  counter- 
pressui^  of  a  c:olumn  of  air  above  it,  Th% 
pressure  of  the  air  will,  theit^fore,  be  inversely 
in  proportion  to  its  compression.  But  such 
gauges  have  gradually  gone  out  of  use,  since  the 
metallic  types  have  been  invented  and  perfectefi 
In  anotlier  form  of  tluH  gauge,  mercury  is  used^ 
for  testing  spring  gauges,  to  be  noted  presently. 
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Sprhiif  Ganges. — Tlie  first  pressure  gauge  was 
invented  by  the  late  Mr  Sydney  Smith  in  1847, 
and  appears  to  have  been  invented  independently 
by  HeiT  SchiifTer  of  Magdeburg  in  1849.  Mr 
Smith's  design  differed  from  the  present  Bourdon 
gauge.  A  circular  steel  spring  was  connected 
by  a  piston  rod  to  a  piston,  at  the  top  of  which, 
fitted  in  a  flanged  recess,  was  an  indiarubber 
diaphragm.  A  straight  rack  connected  to  the 
spring  moved  a  pinion,  on  the  axis  of  which 
the  registering  pointer  was  fixed. 

The  instrument  was  termed  a  steam  indica,tor, 
and  was  first  fixed  at  the  Tapton  Collieries,  in 
October  1847,  under  the  instructions  of  George 


encloses  the  works  or  moveme^U  of  the  dial. 
The  case  and  the  movement  are  carried  on  a 
piece  termed  the  base  pkUe,  or  shoe,  b,  which 
is  screwed  into  the  siphon  pipe,  so  that  there  is 
perfect  freedom  and  independence  of  the  works, 
in  the  event  of  pressure  or  damage  to  the  outer 
case.  To  the  base  is  attached  one  end  of  the 
tube  c.  The  other  end  is  linked  to  the  toothed 
quadrant  D,  which  transmits  the  motion  of  the 
tube  to  the  pointer  e. 

The  action  of  the  gauge  depends  on  the  feet 
that  if  a  tube  of  elliptical  section  is  bent  into 
a  scroll,  with  the  larger  axis  of  the  ellipse 
coincident  >rith  that  of  the  scroll  the  tube  will, 


Fig.  151. — 6<>urdoii  Gauge.     (Dew ranee  &  Co. ) 


Stephenson.  Orders  soon  came  in,  and  hundreds 
of  them  were  fitted  in  a  short  time. 

The  Bourdon  Gauge, — The  fii"st  idea  of  using 
metallic  substances  is  due  to  a  Frenchman  named 
Vidi.  The  Bourdon  tube  was  first  invented  in 
1845,  by  Herr  Schmitz,  a  German  engineer. 
Bourdon,  in  1850,  patented  the  tube,  which 
patent  was  contested  by  Vidi  in  1859.  It  is 
said  that  the  first  idea  of  the  tube  arose  in 
consequence  of  M.  Bourdon,  when  trying  to 
force  out  a  worm  pipe  of  a  still  which  had 
become  flattened,  observing  that  the  tube  tended 
to  uncoil. 

The  general  construction    of    the    Bourdon 

pressure  gauge  is  as  follows.  Fig.   151  :  —  The 

mechanism   Ls   contained   in   an   outer  casing, 

the  brass  case  a,  turned  and  polished,  which 
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under  the  influence  of  internal  pressure,  open- 
out  to  a  larger  diameter.  As  the  end  whiclm 
is  attached  to  the  base  piece  cannot  move,  th^ 
opposite  end  docs,  and  this  being  fastened  by  &> 
stout  connecting  link  to  the  tail  of  the  toothed 
quadrant,  the  latter  moves  in  a  radius,  and  it€^ 
teeth  engaging  with  thase  of  the  pinion  turn 
the  latter.  Obviously  the  tube  is  the  most> 
important  element.  Steel,  or  gun-metal  is  used, 
the  introduction  of  steel  being  due  to  Messrs 
Schilffer  <fe  Budenberg.  Holes  are  bored  in  solid 
bar,  after  which  the  flattening  to  the  elliptical 
shape  is  done  between  dies,  and  the  bending  to 
the  spiral  in  other  dies,  and  tlie  tube  is  then 
hardened.  Another  way  is  to  roll  sheet  metal 
into  strips  and  solder  with  silver  solder.  Or 
the  tubes  can  be  solid-drawn  to  the  elliptical 
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Lt  ODoe,  Bourdon  iube;^  aiv  i^metimea 
qI  cv^mixk^ii  hm^  braaetl  tnhes,  tluttened 
ellip60|  filled  with  [ead,  ami  bent.  Or 
ij  hurd  br^s  tubes  at^  used.  Geuerallj 
adng  iR  lit]  tJie  inside  curvature,  because 
subjected]  there  to  compression.  The 
my  to  brajEeil  tubes  is  that  the  naetals 
Spiffeut  have  different  ehisticities^  and 
Mnbtioiis  in  the  pressure  results  Se^jn- 
inze  ttihes  are  used^  and  Messrs  I>ewnince 
Euake  tliese  drawn  at  once  tt*  the  circular 
by  which  the  presence  of  puckers  on  the 
iJ  curve  is  avoided.  Above  3»000  lb, 
:e  the  finn  use^j  tubes  of  steel 
be  manufacture  of  gauges,  teinpleU  and 
^  used»  so  that  the  fittiBgs  ai*e  inter- 
able.  But  each  individuid  gauge  in  the 
ftkes  ha^  the  positions  of  the  pointer  for 
it  pressures  marked  for  that  gauge  only, 
■ect  calibration  with  standard  gauges, 
latter  are  oilibrated  at  short  intervals 
ft  tall  mercury  column.  The  highest 
y  oolumn  In  Elngland  is  that  at  the 
ip&l  Technical  OollegCj  Manchester,  It 
metres  high.  There  are  taller  columns 
,  nwtd  for  experimental  purposes;  the 
:  ifi  one  at  Butte-aux-Cailles,  of  500  metres, 
atmofipherej*.  There  is  one  on  the  Eiffel 
of  300  metres  in  heij^ht,  or  400  atmoe- 
pressure.  Messrs  SchM^ffer  k  Budejiberg 
epeatedly  calibrate  their  dead  weight 
Jic  testing  machine  by  this  column.  For 
ordinary  gauges,  Meiears  SchiifTer  k 
bei^  supply  columns  which  can  be  &ced 
wall,  inside  or  outside  a  building.  They 
n  scale  from  1 5  to  300  lb*  per  square  inch* 
Aer  requii^es  a  height  of  52  ft. 
n^  Uaugeit.—A  steam  gauge  must  l>e 
iveral  inches  above  the  highei^t  water  level 
►oiler.  It  ahouhl  stand  away  from  the 
where  it  will  not  l>econie  heated.  It  must 
E^hed  with  a  bent  or  siphon  tube  which  re- 
ate.  Also  a  stop-cock  should  be  Btted 
IPIhe  gn^ge  and  the  boiler,  to  shut  off 
when  examination  Lb  necessary.  The 
ould  be  opened  and  closed  slowly  to  avoid 
» to  the  works.  A  pressure  gauge  is  de- 
for  tiie  tube  to  be  amply  within  the 
if  its  elasticity.  But  it  is  not  adv  isable 
\  S  giPige  to  more  than  half  its  maxuimm 


working  pressure.  Tlie  pointer  will  then  be 
in  a  vertical  position  for  the  norma]  working 
pressure, 

Ifydraidic  Gtiuge». — These  are  used  for  all 
kinds  of  hydraulic  machinery,  presses,  d^-c,, 
and  in  range  for  pressures  from  half  a  ton  to  34 
tons  |>er  square  inch, 

i5s//-/?^f^»j?/^u*«f/  Gangfif, — -These  proiride  for 
a  diagram  of  variations  in  pressure  through  a 
period  of  twelve,  or  of  twenty -four  hours.  Ther^ 
are  two  types,  the  drum,  and  the  circular  disc. 
Connection  is  made  to  a  pen  or  pencil  by  suit* 
able  levers.  Tlie  drum,  or  the  disc  rotate  once 
during  the  period  selected,  namely  twelve,  or 
twenty-foui*  hours,  and  the  diagram  paper  has 
to  be  renewe*l  after  one  revolution. 

Many  boiler  explosions  have  occurred  through 
defective  gauges,  in  which  bad  workman&bip 
has  been  the  most  contributory  cause.  Every 
fitting  should  he  free,  without  being  too  easy. 
Wliatever  cause*;  risk  of  sticking  is  a  source 
of  danger.  Hence  care  in  manufacture  is  of 
first  importance^  and  the  best  fitting  is  essential. 

Prime  Numbers,— A  prime  number  is  oae 
which  cannot  be  divided  without  reoiaiiider  by 
any  number  except  itself  and  unity ;  f.^,,  2,  3^ 
5,  7,  11,  13,  17,  19,  23,  29,  31,  37,  41,  43,  47, 
53,  59,  61,  67,  71,  73,  79,  83,  89,  97,  These 
are  all  the  prime  numbers  under  100 ;  the  rest 
are  composite  numbers. 

Numbers  are  prime  to  one  another  when 
tliere  is  no  number  hut  unity  which  will  divide 
both  of  thejii  exactly  ;  tf.^.,  14  and  27*  (But 
though  these  are  prime  to  one  another  they  are 
not  themselves  prime  numbers.) 

Primingt  *>r  Foaming* — The  Lntennixture 
of  particles  of  water  with  the  steam  in  the  upper 
parts  of  boilers,  jmj^sing  into  the  steam  pii»es 
and  cylinders,  Sf^.  An ti- Priming  Pipe^ 
Piiming  a  lift  pump  is  the  equivalent  oi/ftchhig 
the  water,  l>y  pouring  a  quantity  on  the  bucket 
to  enable  a  vacuum  to  be  protluced  below.  Also 
the  expulsion  of  the  air  from  the  water  space  of 
a  force  pump  by  opening  the  pet  cock, 

Printr  or  Core  Print — A  part  of  a  pattern 
which  leaves  an  impression  in  the  mould  to 
receive  the  end  of  a  core.  It  keeps  the  coj^  in 
its  correct  position,  and  in  most  cases  is  neee^ 
sary  also  for  the  purpose  of  steadying  and  sup- 
porting it.     In  the  case  of  a  core  which  rests  in 
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the  bottom  t>f  the  mould,  the  impi'^ssion  left  by 
the  print  merely  guides  it  into  the  correct 
position  and  prevents  it  fi*oin  moving  sideways  j 
and  in  cases  where  the  core  \vm  a  mna]]  base 
rompared  with  its  Iieight,  it  assists  in  keeping 
it  vertical.  In  corea  which  do  not  rest  on  the 
Ixjttom  but  have  to  be  supported  in  the  sides  of 
the  mould,  the  print  impression  botb  indicates 


152, — Cott?  Prints*. 


the  pojiition  and  alfords  the  necessary  support 
for  the  end  of  the  C4jre»  The  ?^hape  and  sije  of 
a  print,  therefoiT,  ii\u8t  conform  t<i  the  character 
of  the  core  it  is  intendeei  for ;  and  the  amount 
to  which  tlie  print  project^s  from  the  surface  of 
the  pattern  depends  on  the  amount  of  support 
the  core  refjuires. 

The  form  of  print  moat  commonly  used  ia  ii 
cylindrical  one,  to  suit  the  end  of  a  core  of  that 
shape,  Fig,  153.  In  their  small  sizes  these  prints 
are  generally  about  the  same  length  as  their 
diameter,  but  as  diameters  increase  lengths  are 
i^uced.  A  prints  1  in.  in  diameter,  for  in- 
stance, would  for  most  circumstances  be  well 
proportioned  if  it  was  1  in.  long  \  but  a  print  f> 
in.  diameter  would  often  not  nee<l  to  be  more 
than  1  in.  long ;  while  prints  of  2  in.  or  3  in. 
diameter  would  seldom  be  moi^  than  2  in,  long. 
The  .steadiness  of  a  core  resting  in  the  bottom 
of  a  mould  depends  as  much  on  its  length  as  on 
the  diameter  of  ita  base.  A  core  3  in.  diameter, 
for  instance*  would  stand  titoadily  in  a  vety 
shallow  print  impression  if  its  t<*tal  length  was 
only  2  or  *A  in. ;  but  if  it  was  1 2  in,  it  would 
not  be  wise  to  rely  on  the  bottom  print  alone, 
no  matter  how  deep  it  was  niiuJe.  \i\  such  a 
Oise  two  prints  would  be  uHCil,  Fig.  1 52 ;  one 
to  form  an  impression  in  the  bottom  of  the 
13^ 


mould,  and  anothei'  in  the  U>p  ^  su  tlmt  tlw* 
core  would  be  secured  at  both  ends.  In  iiori- 
zontal  cores,  support  at  both  ends  \%  essrnHjil, 
imless  the  cores  are  very  short  indeed  i ;  and  tJw 
larger  the  core  the  greater  mil  at  the  prifit 
length  be. 

When  both  top  and  bottom  prints  art*  U!«efi 
the  t<jp  print  is  usually  made  shorter  thiin  tJit* 
bottom,  and  k  given  a  great  deal  of  taper,  r)A  in 
Fig.  152.  This  taper  serve^i  the  double  pnrpt»r 
of  facilitating  the  lifting  of  the  top  sand  frooj 
the  jMittern,  and  enabling  the  top  end  of  Xh^ 
wjre,  which  is  tapere<l  to  conTspond,  to  eitsily 
find  its  way  into  the  impi^ession  wheji  the  matild 
is  being  clowed.  Bottom  prints  are  given  * 
slight  amount  of  taper  to  enable  them  to  Itii^r 
the  s*ind  eiisily. 

Parallel  prints  on  the  iides  or  ends  of  a  patt»"nj 
sometimes  cause  complications  in  monhling  thiit 
do  not  exist  in  the  case  of  prints  on  the  bottotn 
or  t-^jp.  Except  in  the  few  cases  w^here  \%\x 
special  I'easons  they  are  skewered  on  loosdv 
and  drawn  after  the  patt-ern,  there  must  alwap 
be  a  joint  in  the  mould  coinciding  witli  tin* 
upi;*er  surface  of  the  print,  so  that  the  lattw 
can  lift  with  the  pattern  without  injury  tn 
portions  of  the  mould  above  it.  Tins  i«  dom* 
either  by  jointing  the  pattern  through  the  prints 
as  in  cylinders,  pipen^  Fig.  1 53,  and  many  othf t 


Fig.  1.>S* — Oats  Pri i It, 

ca-^s,  where,  even  if  there  weiH?  no  prints,  llw 
pattern  itaelf  wimld  have  t*i  \w  joint^l ;  or  bj 
jointing  down  to  the  upper  surfiM.*e  **f  the  print, 
as  is  often  done  in  small  work,  or  work  ui 
iri^gular  outline  ;  or  by  modifying  the  larm  irf  i 
the  print   to  rrwike   its   ujiper  f^urf  i 
with  the  joint  of  the  mouKl,     This  h\ 
IK  generally  adi>pted  when  it  i«  not  cou ventolin | 
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to  jomt  the  pattern  throagh  the  print.  Tbe 
method  of  jointing  down  to  the  upper  surface 
of  the  print  is  only  practicable  under  favourable 
conditions.  It  is  done  in  the  mould,  the  pattern 
iteelf  b^ng  solid.  Tlie  modification  of  the 
form  of  the  pimt  is  generally  best  and  does  not 
pre'reot  it  &om  serving  its  purpose  equally 
«nell.     It  cnnsifitB  in  making  the  lower  portion 


Fig*  154.-— Pocket  or  Drop  Prints, 

of  llie  |irint^  which  forms  the  bed  for  the  core., 
«rf  the  oQirect  shape,  but  ignoring  the  core 
"tliAiie  in  the  upper  part  and  simply  tapering  the 
body  up  to  an  increased  si^e  at  the  joint  of  the 
naoQid,  Fig.  154.  Thia  leaves  a  space  to  be  filled 
'1  with  sand  after  the  core  is  in  place.  In  some 
(^^^sa  tJie  end  of  the  core  itself  is  made  similar 
to  the  print  and  fills  the  space.  This  modified 
*orm  of  print  used  on  the  sides  of  patteiTis  is 
*^JliBfI  a  pocket  print,  or  tail  print,  or  drop 
PHnt  It  is  employed  most  frequently  for 
^ylsndrical  cores,  but  is  applicable  to  cores  of 
*^1  ^pes  that  do  not  come  up  to  the  joint  of 
^h«  luould 

The  sijce  and  shape  of  a  print,  though  usually 
***^r  to  the  opening  at  the  surface  of  the 
^^itbg,  is  not  necessarily  so.  All  that  is 
^•scBKMuy  k  that  it  should  fit  the  portion  of 
J~^^  core  which  project j*  beyond  the  casting. 
^  iiere  are  occasianally  reasons  why  the  cored 
^^it  and  the  print  should  not  coincide  in  size 
f  dtftpe,  and  in  such  case.s  the  necessary  differ- 

i  is  nmde  in  the  core. 
In  cored  work  it  is  often  desu'able,  and  is  the 
^^ailomi  practice  in  mtma  shops,  to  distinguish 
^QflS  from  metal  on  the  pattern  faces*  This  is 
^one  by  painting  or  varnishing  eitlier  the  coreH 
fi«rt6)  or  the  metal  black.  Soiuetimes  one, 
sometimes  the  other  is  so  painted  or  varnished. 
It  df>es  not  matter  wldch,  so  long  as  a  uniform 
j>nictice  is  adopted.  The  adoption  of  sufh  a 
tiystem  prevents  mistakes  in  the  foundry,  and 


saves  time  otherwise  ^pent  in  sending  for  the 
pattern-maker  and  asking  for  information  as  to 
hx^tion  c^f  cores  and  of  metal. 

Where  this  is  not  done,  the  practice  should 
be  adopted  of  distmguishing  core  prints  from 
metal  by  colour.  Usually  the  metal  is  yellow, 
and  the  prints  black.  The  principle  may  b© 
extended  to  distinguish  patterns  for  iron  from 
those  for  gun  -  metal  by  the 
simple  device  of  painting  the 
latter  patterns  black,  and  their 
core  prints  yellow,  as  is  done  in 
some  shops.  It  is  careless  prac- 
tice to  make  no  distinction  lie- 
tween  core  prints  and  metals 
which  has  often  resulted  in  metal 
being  cast  for  core  prints,  and 
holes  being  cored  where  there 
^'^hould  have  been  metal. 

Prism. — A  prism  is  a  solid  whose  ends  are 
plane  figures  which  are  parallel^  equal,  and 
similar,  and  the  sides  are  parallelograms.  A 
right  prism  is  one  having  side>*  perpendicular 
to  it4S  ends,  as  distinguished  from  an  oblique 
prism  with  sides  inclined  to  the  ends.  The 
prism  is  named  after  the  shape  of  the  ends,  as 
triangular,  scjuare,  pentagonal,  itc.  Tl\e  area 
of  a  prism  is  found  by  multiplying  the  Area,  of 


Fig.  l5.j*^Priamoid, 

the  base  by  the  height.  Tlie  mensuiution  of 
prisms  and  other  solids  is  dealt  with  under 
their  respective  titles, 

Prismoid*  —  A  prismoid,  Fig.  155,  is  a 
scilid  whose  faces  ai'e  trapezoids  and  whose 
ends  are  two  parallel  plane  rectilineal  figures 
of   the   same   number  of  sides.      The  volume 
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aoid    may   be    calculated    by    the 


E  Height  X 
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A  base ;  ah  is  area  of  other  parallel 
lie  area  of  a  middle  cross  section  as 
155). 
I. — A  question  proposed  for  solution. 
rom  a  theorem  in  that  the  latter 
}  truth  of  a  proposition  to  be  proved. 
^positions  consist  of  problems  and 

S  of  Combustion. —  These  ai-e 
2  (carbon  dioxide),  CO  (carbonic 
HjO  (water). 

id  other  waste  blast  furnace  gases 
,  hydrogen,  and  hydrocarbons  — 
d  for  heating  purposed,  and  for 
le  Gas  Engine.  Tliey  require 
,  which  is  done  in  three  stages  a 
ig,  a  wet  cleaning,  and  for  power 
.  cleaning  by  means  of  fans.  S*^e 
tous    Fuel,    and    Regenerative 

Governor.  —  Se^     Spring 
s. 

Milling. — A  class  of  milling  which 

to  the  production  of    curved   and 

iitlines.     Profiles  are  milled  in  either 

,•8.     A  fonn  cutter  may  l)e  used,  cor- 

in  outline  to  the  desired  shape  :  or, 

cojty  may  be  employed  to  guide  a 

a  definite  path  to  mill  the   shape. 

srs  do  not  differ  in  construction  from 

iraight  Milling  Cutters,  excepting 

:roduction  of  curves.    Backing-oflF  is 

always  done,    in   oixler   to    impart 

\  the  teeth,  and  to  enable  the  profile  to 

ed,  unaflFected  by  repeated  sharpen- 

'  the  smaller  cutters  are  made  in  one, 

practice  when  considerable  lengths, 

ie  curves  and  straight  portions  aiv 

being   to   build    the    cutters    up    of 

rhich  facilitates  manufactuiv,  and  is 

,  for  arranging  different  profiles.    Fig. 

XII.,  shows  a  gang  mill  combining 

ad  curved  sections,  for  milling   con- 

5,  several  of  which  are  held  in  a  vice 

seial  jaws  for  gripping  and  locating 

one-half  is  milled  first,  and  the  links 


are  then  turned  over,  and  the  other  side 
finished. 

The  other  class  of  profiling  embodies  the 
principle  of  laying  down  a  steel  copy  or 
pattern  of  the  outline  to  be  shaped,  and  causing 
a  tracer  pin  to  press  against  it,  while  longi- 
tudinal traverse  is  given.  The  pin  therefore 
moves  to  and  fro  as  it  is  coeixred  by  the  copy, 
and  being  fastened  in  a  suitable  slide,  causes 
the  latter  to  move  similarly.  A  cutter,  held  in 
a  spindle  in  the  slide  consequently  moves  exactly 
like  the  pin,  and  will  mill  the  profile  of  a  piece 
of  work  laid  down  parallel  to  the  copy.  For 
convenience,  the  copy  and  work  ai*e  both  bolted 
down  to  a  travelling  table,  above  which  the  pin 
and  cutter  are  situated.  Fig.  157,  Plate  XII., 
shows  a  plate  to  be  fastened  to  the  table  in 
the  machine  described  below,  carrying  a  copy, 
and  a  piece  of  work>  a  cycle  ci-ank.  The  rough- 
ing, and  the  finishing  cutters  ai-e  seen  to  the 
left,  and  the  tracer  pins  to  the  right. 

Profiling,  Profiling  Machine.— Fig.  158 
shows  a  two-spindle  pi-ofiling  machine  by  Messi's 
H.  W.  Ward  k  Co.  The  colunni  a,  which 
forms  a  suds  tank,  suppoi-ts  the  sliding  table 
B,  moved  by  hand-wheel  c,  operating  a  rack 
pinion ;  or  by  power,  through  pulley  D,  bevel 
gear,  and  shaft  e,  driving  a  worm  gear  P, 
which  is  tripped  automatically  by  stops  on  the 
edge  of  the  table  b.  The  cross-rail  G  supports 
the  saddle  H,  ininning  with  anti-friction  rollers 
J  on  the  top  edge.  The  tracer  pins  are  kept 
against  their  copies  by  feeding  the  saddle 
laterally,  through  the  balanced  handle  K,  and 
train  of  gears  ending  in  l,  which  meshes  with 
a  rack  on  the  undei^side  edge  of  the  saddle. 
Ari*angements  ai*e  made  to  take  up  back-lash  in 
the  gears  by  halving  them,  to  reduce  negative 
movement  to  a  negligible  amount.  Tlie  two 
cutter  spindles  ai-e  marked  m,  m,  and  the  tracer 
pins  N,  N,  the  latter  being  fixed  in  lugs,  and 
provided  with  atljustments  by  means  of  nuts. 
Elach  spindle  runs  in  bearings  in  vertical  slides, 
o,  o,  adjustable  by  the  handles  p,  p,  and  balanced 
by  two  coiled  springs  on  each  side  of  the  bearing, 
at  the  top.  The  slides  can  be  locked  in  any 
position.  The  drives  to  the  spindles  take  place 
through  the  belt  cones  i^,  r,  the  first  being 
driven  from  fast  and  loose  pulleys  on  the  shaft 
at  the  rear,  forming  a  self  contained  ctmnter- 
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nhaft.  A  ijJiaft  ^^  rotated  by  it,  di-ives  wurui 
^enr  inside  the  casings  T,  T,  and  the  spindles 
M,  M  are  pi-olongeti  and  splined  to  pa!*s  up 
thi'ough  the  boxes.  A  pi-actice  that  is  largely 
fi>llowed  is  that  of  driving  by  a  twist  belt^  from 
M  long  drum  in  the  same  position  as  the  sliaft 
uf  %  at  the  Imck,  the  belt  pussing  between  an 
opening  in  the  vertical  slide  and  lapping  arounrl 
H  E-mail  but  long  pulley  on  the  spindle.  Another' 
pulley  u  at  the  end  of  the  shaft  s  drives  the 
tH3ne  D*  The  spindle  spee<ls  are  160,  iS9,  and 
54  R.P3I.  respectively,  and  the  power  feeds 
94,  84,  and  75  revolutions  per  inch  of  feed. 
The  object  of  having  twa  spindlea  in  this 
ntachine  is  to  save  time  by  roughing  and  finish- 
ing a  job  on  the  same  table.  One  spindle  is 
fitted  with  a  roughing  cutter,  and  the  other 
with  a  finishing  cutter,  mt  Fig,  157,  Plate  XTT., 
which  an;^  used  in  succession. 

Progression.  —  S^e  Arithmetical  Pro- 
gression, ^m\  Geometrical  Progression. 

Projectile*— Omitting  notice  of  the  small 
bullets  and^  cjirtridgen,  the  manufacture  of 
ammunition  in  the  shape  of  explosive  shells  is 
a  large  section  of  the  work  of  the  founder 
and  machinist,  and  numbers  of  machines  are 
employed  in  this  work. 

All  projectiles  now  ai*©  pointed,  or  ogiva!  in 
.shape,  the  old  spherical  shells  ha^-ing  gone  out 
with  the  smooth-boie  guns.  Tlie  elongated 
cylindrical  form,  with  the  ritling  ensures  that 
the  point  shall  strike  first,  with  resulting  ex- 
plosion. The  diameter  is  Xm^  than  the  bore  or 
calibre  of  the  gun  hyf rom  two  to  four  hundredths 
of  an  inch.  A  band  of  soft  copper  ia  fitted  into 
a  groove  nea-r  the  b^use,  having  a  diameter 
slightly  larger  than  the  l*orG.  When  the  pro- 
jectile is  forced  int«:i  tlie  boi'e,  the  soft  metal 
tilla  the  bore,  and  the  rilled  gi^xives  closely,  and 
pi^vents  gaii  from  e.*icaping  piist  it.  Projectiles 
ar©  either  cmivsiery  or  ffhrapii^L  The  first  tHjn- 
t&ins  a  number  of  bjiUs  of  lead  or  iron^  with  a 
charge  of  powder.  Tlio  shock  of  firing  bursts 
the  ahell,  and  distributes  its  contents  from  the 
muzzle.  The  shrapnel  is  made  with  a  case 
strong  enough  to  resist  the  shock  of  firing. 
Tt  contains  a  large  number  of  balls  of  lead  or 
iron,  and  a  small  charge  of  guni>owder.  The 
bulk  of  the  charge  is  usually  towards  the  rear 
of  the  ahell,  and  is  in  communication  with  a 
li2 
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fuse.  Pi*ojec tiles  of  this  kind  ai"e  of  two  types, 
common  ah  ell,  not  used  against  armour,  and 
armour-piercing  shell  with  caps.  To  the  first- 
named  belong  the  time  fuses,  which  are  adjusted 
to  explorle  the  charge  short  of  the  objects  they 
are  designed  to  destixiy,  as  bodies  of  men,  or 
foi'ts.  Percussion  fuses  must  strike  an  object 
before  they  will  explode^  The  time  fuse  is 
ignited  by  the  shock  of  the  actual  discharge. 

The  armour-piercing  flheli  in  made  strong 
enough  to  go  through  the  armour,  and  e.xplode 
only  after  it  has  gone  thn.>ugh.  Tliis  has  altered 
the  old  design  of  thin  shell,  with  a  large  bursting 
charge.  Strength  is  ensured  by  the  use  of  cast 
anfl  forged  steel,  but  some  sacnfice  of  bursting 
charge  has  to  be  made  to  ensure  strength,  Tlie  I 
fuse  is  not  placed  in  the  [K>int,  as  in  the  common  ■ 
shell,  but  in  the  rea,r,  where  the  fuse  explodes  a 
percussion  cap,  and  ignites  the  charge. 

The  increase  in  the  hard  resisting  qualities 
of  armour  plate  has  given  birth  to  the  shell  of 
chrome  steel,  tempered.  Still  this  shell  became 
broken  on  impact  until  the  soft-nased  projectile 
was  devised,  Tliat  is,  the  hardened  nose  of  thi- 
shell  is  fitted  with  a  cap  of  soft  metal  which 
protects  the  hai-dened  nose  from  too  sudden 
shock,  and  permits  of  peneti^tion  being  effected. 

The  manufacture  of  projectiles  is  somewh&t 
different  according  tc>  the  particular  type,  Tlie 
following  is  generally  applicable,  lugota  are 
cast,  and  then  worked  by  forging,  followed  by 
turning,  and  rounding  the  nose  to  the  correct 
curve  with  a  broitd  forming  tool,  A  groove  is 
tume<i  for  the  copper  band.  The  cavity  for  the 
charge  is  ht)retl,  and  the  hai'dening  done*  The 
base  is  threaded  to  receive  the  plug  of  steel 
which  closes  the  cavity.  The  band  is  next  put 
on  in  an  hydraulic  or  power  pre^s.  See  Bind- 
ing Press.  Afterwards  the  band  is  turned. 
The  soft  steel  cap  is  fitted  and  forced  on  by 
hydraulic  pi'essure  into  a  narrow  gro<:ive.  The 
mechanism  for  the  various  fuses,  the  nose  type, 
the  base  fuse,  and  the  time  fuse  are  made  on 
automatic  miw^hines  and  turret  lathes. 

Projection.— 5^t;^  Orthog^raphic  Projec- 
tion, and  Perspective. 

Pronged  Chuck-— 6W  Forked  Chuck. 

Prony  Brake.— A  form  of  absorption 
dynamometer  used  to  ascertain  Brake  Horse 
Power.     Tt  encircles  a  revolving  flywheel,  or  a 
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pulley  with  which  it  makes  frictional  conta-ct 
by  meatui  of  two  wood  blocks  screwed  up  and 
ailjuste<l  for  tight tieas,  until  a  lever  arm  con- 
iiect«*l  thett^to  remains  in  a  horizontal  position. 
At  the  larger  end  of  the  lever  a  Salterns  balance 
is  attached  at  one  end  to  the  lever,  and  anchored 
at  the  other  to  any  rigid  object.  The  weight 
of  the  lever  itaelf  is  wsunt-erbalancecl  by  a 
>tmall  weight  hung  on  the  shoit  arm.  The 
ittuuber  of  revolutions  per  minute  is  read  by  a 
speed  indicator^  and  the  pnll  by  the  spring 
27rr»P 


lialane 


Then    HP.  =  - 


where 


aa,ooo' 

hurizontal  distance  from  the  centre  of  balance 

to  centre  of  pulley  sliaft,  i^  =  number  of  i^evolu- 

tioiis  per  minute,  P  =  reading  by  Salter's  balance. 

Proof   Bars^ — Tlie  test  bars  used  to  note 

the  pn>f(ms.s  of  Cementation, 

Proof  Load,   Proof  Strain,— A   proof 

t<j4ul  \s  one  which  iw  put  upon  a  Imr,  chain, 
or  sti'ucture  in  exce.ss  of  the  actual  working 
Iciad  by  a  predetenuined  amount*  It  must  not 
be  so  much  in  exce^  a%  to  strain  the  material 
beyond  the  elastic  limit,  but  must  be  sufficient  to 
more  tlian  cover  all  legitiumte  working  loads. 
The  term  pf'o<^  sirahx  is  often  uf*ed  as  the  equi- 
valent **f  proof  load,  though  strictly  it  signifies 
th©  deforoiation  produced  by  the  loading. 

Proportion. — The  ratio  of  one  quantity  to 
nQutlu^r  is  the  number  of  times  the  first  quantity 
coulAinij  the  second.  The  ratio  of  12  t<>  3  is  4, 
12 

a 

in  4,  When  four  quantities  are  concerned,  and 
the  ralii*  of  the  first  to  the  second  equals  the 
rutiu  ijf  the  thirrl  to  the  fourth,  the  four 
qu&utitie^  are  said  to  be  in  proportion.  The 
t^xa^mple  above  would  then  be  set  down, 
1 2  :  3  ::  3G  :  9,  and  i^^  "  12  is  to  3  as  36  is  to 
11/*  TJie  firat  and  last  quantities  are  tlie 
ojttrenit^  and  the  sacond  and  tliini,  the  means. 
f  n  any  proportion  the  product  of  the  ei^tremes 
i.H|tialH  the  product  of  the  means,  as  will  be 
r^een  in  the  above  example,  llierefore  if  thi-ee 
term**  are  given  the  fourth  uiu}^  be  found.  Sm 
Rule  of  Three,  and  Unitary  Method. 
Proportional   Compasses-  —  A  form  of 

iiividt-rs  used  for  the  pui'fiti&e  of  enlarging  and 
reducing  dimension^*,  a%*oiding  that  stejiping 
ff>at   whieh   is    neoesaarj   with    orditiary  com- 


becanse  -^  ~  4.     Sinularlv  the  ratio  of  36  to  9 


passes.  Tlie  insti'ument  comprises  two  flat 
slott^  pieces  formed  into  points  at  each  end, 
and  connected  together  by  slides  fitting  in 
dove-taUect  gnxjves  in  each  piece.  A  central 
pin  unites  the  glides,  and  constitutes  the  axis 
on  which  the  slides  pivot.  Gi'ad nations  on  the 
face^  enable  one  aide  to  be  set  in  a  definite 
relation  to  the  other,  so  that  when  the  slides 
are  clamped  together  by  a  nut  on  the  pivot, 
and  the  points  are  spread  apart,  the  di!$tan(.^s 
of  the  latter  correspond  in  a  definite  relation 
to  ejich  other,  such  uja  twice,  or  thi'ee  times. 
A  scale  of  circles  is  divided  down  one  »ide, 
by  mean»  of  which  a  circle  can  be  divided 
around  ita  circumference  into  any  number  of 
equal  parts,  Scales  of  plans,  and  scales  of  slidevs 
are  also  frequently  atlded,  the  use  in  the  first 
case  being  to  reduce  or  enlarge  the  area  of  n 
plan  in  a  certain  proportion,  and  in  the  seconci 
t*>  enlarge  oi'  retiuce  the  contents  of  a  solid  pro- 
portionately* rrAofe  and  /ia/L>e»«,  or  bisectin*; 
compasses  serve  only  for  division  into  half,  or 
enlai^ement  to  twice  it  length.  The  two  leg^^ 
arc  pivotctl  uf»ou  each  other  by  a  fisted  joint. 

Protective  Coatings. — ^Numerous  ai-e  the 
K)a tings  which  are  applied  to  articles  in  iron  and 
steel  to  protect  them  fn>ni  the  oxidising  influence 
of  the  atmosphere,  and  from  other  chemical 
actions.  Paints  are  by  far  the  most  commonly 
used  {s€^  Paints).  But  there  is  a  large  field 
for  which  tlie^wi  ai'e  unsuitable,  A  brief  survey 
of  the  principiil  njethuds  in  use  may  be  given. 
The  method  of  coating  of  small  articles  with  a 
layer  of  magnetic  osdde,  FejjO^,  is  treated  under 
Barfifing'.     Its  applications  are  veiy  limited. 

The  Gesner  pi-ocess  resembles  the  Barfi*  in  the 
fact  that  the  metal  is  made  to  protect  itself  by 
its  own  oxidation,  but  instead  of  the  formation 
of  magnetic  oxide  the  Gefiner  produces  a  com- 
pound of  hydrogen,  iron,  and  carlM>n,  which 
does  not  scale  off,  and  which  does  not  increase 
the  si»e  of  the  articles*  materially.  The  colour 
is  a  deep  blue  black.  The  articles  are  heated 
in  clay  I'e torts  to  a  temperatui'e  of  from  1,000" 
to  1,200°  Fahr.  for  al>uut  twenty  minutes,  when 
steam  is  admitted  through  a  pipCj  becoming 
deconipos€<:h  Afterwards  naphtha  is  injected  Iqv 
several  minutes,  followed  by  a  further  supply 
of  steam.  Tlie  whiJe  period  of  treatment  lastn 
alxjut   an    hour    and    twenty   minutes*       Tl»e 
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articles  remain  in  the  muffle  until  the  tempera- 
ture has  fallen  sufficiently  to  permit  of  their 
removal  without  scaling. 

•  The  processes  of  hroivziivg  and  colouring  iron 
and  steel  ai'e  very  numerous,  and  large  numbers 
of  recipes  might  be  given  from  various  sources 
did  space  permit.  The  different  colours  and 
tints  which  are  obtainable  are  taken  full  advan- 
tage of  in  fine  art  work,  and  in  small  pieces  of  - 
mechanism  which  it  is  desirable  to  protect  from 
corrosion.  Very  often  colouring  is  combined 
with  processes  of  hardening  or  tempering,  some- 
times colouring  is  done  subsequently.  Such 
colouring  is  mostly  due  to  surface  oxidation. 
In  a  large  number  of  instances  the  process  is 
one  of  electro-deposition.  In  all  such  processes 
the  film  formed  is  extremely  thin,  and  is 
usually  permanent,  that  is  it  will  not  crack  or 
break  away  from  the  metal,  but  can  only  be 
worn  off  by  friction. 

Goal  tar  is  a  protective  for  rough  surfaces, 
such  as  those  of  iron  piles,  and  the  interior  of 
water  pipes.  An  important  feature  is  that  the 
article  to  be  coated  should  be  of  the  same  tt»m- 
perature  as  that  of  the  tar,  which  is  applied 
hot.  The  tar  collected  from  the  hydraulic  mains 
of  gas  works  is  boiled  in  open  kettles  to 
concentrate  it  by  the  dissipation  of  the  light 
oils,  benzole,  naphtha,  and  carbolic  acid,  the 
bulk  being  reduced  by  from  15  to  25  per  cent. 

Galvanising  has  an  extensive  use  for  some 
classes  of  work.  But  it  is  not  suitable  for 
work  of  very  large  dimensions,  nor  for  work 
that  is  long  exposed  to  corrosive  influences. 
Acids  attack  it,  and  rust  begins  in  any  un- 
protected spots  {see  Galvanised  Sheets). 

Enamellitig  is  not  used  much  in  engineers* 
work,  and  that  principally  for  ornamental  cast- 
ings, and  in  the  hardware  trades.  The  enamels 
are  thin  coatings  of  glass  of  various  colours, 
produced  by  the  oxides  of  metals,  ground,  and 
mixed  with  a  fluid,  laid  on  as  a  paint,  and  fused 
in  a  muffle.  A  flux  powder,  the  borosilicate  of 
lead,  is  applied  before  the  actual  glaze  powder. 

La^cqvsring  is  a  process  applied  less  to 
engineers*  work  than  in  the  hardwai-e  and 
metal  trades.  It  belongs  to  the  same  division 
as  the  paints,  as  distinguished  from  the  chemi- 
cal processes,  and  is  thei*efore  liable  to  peel  off 
(see  Lacquer). 
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Tinning  is  a  process  which,  though  protec- 
tive, is  of  a  specific  application  to  that  of  coat- 
ing thin  steel  sheets  with  a  fine  fihii  of  tin, 
chiefly  for  domestic  utensils.  See  Tinned 
Sheets.  It  is  also  adopted  for  the  protection 
of  copper  culinaiy  vessels. 

Bright  Machine  Parts. — These  can  be  pro- 
tected and  discoloration  prevented  by  rub- 
bing with  a  mixture  of  equal  parts  of  lai-d, 
oil,  and  kerosene,  or  with  vaseline.  Or  with 
one  part  of  crystallised  carbolic  acid,  mixed 
with  twelve  parts  of  sperm  oil. 

Protractor — Is  an  instrument  used  for  the 
laying  down  of  angles.  It  is  shaped  as  a  circle, 
semicircle,  quadrant,  or  merely  a  straight  and 
broad  scale.  It  is  made  of  electrum,  brass,  steel, 
boxwood,  vulcanite,  celluloid,  or  horn.  Its  use 
is  shown  in  Fig.  159.  Suppose  it  be  required 
to  draw  an  angle  of  30"  at  the  centre  of  the 


Fig.  1 59.  —Protractor. 

line  AB.  The  centre  of  the  bottom  edge  is 
placed  at  this  point,  and  a  mark  made  at  the 
figure  30  on  the  opposite  edge.  The  protractor 
is  then  removed,  and  these  points  joined.  The 
number  of  degrees  in  an  angle  may  be  measured 
in  a  similar  way. 

Proving  Pump.— A  pressure  pump  used 
in  testing  pipes. 

Puddle. — A  well-kneaded  mixture  of  stiff 
clay  which  is  used  to  render  reservoirs  water- 
tight. Some  clays  are  naturally  impervious, 
but  most  have  to  be  tempered.  Almost  anv 
clays  are  suitable,  but  some  are  better  than 
others.  They  should  be  quite  opaque,  and  free 
from  crystallisation  and  gritty  matter,  and 
should  form  a  paste  when  mixed  with  w^ater. 
Puddle  must  be  tempered  by  breaking  it  up, 
cutting,  cross-cutting,  and  grinding  in  a  pug 
mill,  or  by  exposing  it  to  the  atmosphere  to  be 
disintegrated  by  rain,  frost,  and  changes  of 
temperature. 

A  test  of  well-tempered  puddle  is  to  work  it 
into  a  roll  about  IJ  in.  diameter,  by  from  10 
in.  to  12  in.  long.     If  this  will  bear  suspension 
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frora  one  fmtJ  wlule  wet,  without  fracture  it  is 
sufficiently  ten>|>ered  Or  a  mass  mtiy  Ije 
fornietl  witli  a  hollow^  ink"  which  severu! 
^ailoDS  of  water  will  be  poui-ed,  and  left  for 
t'MrentT-four  hours  to  test  its  impenetmbility. 
Paddle  is  spread  in  layers  not  exceeding  about 
6  in.  thick «  Each  layer  is  worketl  into  the 
one  beneatii  to  ensure  uniform  con.sistency,  and 
the  absence  of  joints  or  hollows.  If  a  layer 
has  been  exposed  for  a  considerable  time,  it 
must  be  cleaned  and  watei'cd  laefoi^  another 
liiyer  i^  added. 

Puddled  Steel  —^teel  prejiared  in  the 
paddling  funiace  by  the  same  methtxls  as  those 
u±»ed  in  puddling  injn,  only  that  the  iron  is 
feubjected  to  a  farther  stage  in  deearboni^iation. 
The  only  diflference  in  the  fa  mace  is  that  the 
grate  is  smaller  for  stt'el,  and  the  lire-bridge 
is  lather  higher,  giving  nwm  for  a  giTater  depth 
of  fuel,  so  that  a  high  temperature  may  Ije 
sheared.  The  pig  is  chai*ged  in  quantities  of 
about  4  cwt.  at  a  time,  and  is  nch  in  carbjm 
jind  manganese.  The  methixi  is  hardly  employed 
now^,  thougli  at  one  time  it  was  practised  on 
the  Continent  for  the  manufacture  of  bars^  to 
be  subsequently  remelted  for  the  pnxluction  of 
fuciblc  steel. 

Puddlers'  Candles. ^The  flames  of  carbon 
monoxide,  which  arise  fi-om  tlie  i^urface  of  the 
eharge  in  a  puddling  furnace  during  the  boiling 

Puddlers*  Mine.— A  soft  variety  of  red 
|i«p£iiaUU\  used  fi>r  the  bottoms  of  puddling 
furnaceai- 

puddlin^* — The  pniduction  of  ruaHeable 
ir«>ii  in  a  le  v  either  a  tory  furnace  by  contact  with 
oxidising  or  fettling  materials,  Pmctic^lly 
^11  puddling  is  done  by  phj  hoillm^^  aa  dim- 
tin  fished  from  the  original  dry  puddJinfj^ 
invented  by  Cort,  in  which  the  air  was  the 
oxidining  agent. 

Ih-y  Puddling,— In  Uiis,  the  bottom  of  the 
irnaee  was    lined  with  sand,  and    after wai^s 
ith    iron  bottoms,  and  w*hite  or  refined  iron 
could  be  used.     In  later  furnaces  a  layer 
oxide  of  iron   was   spread   over   the    sand 
ttcHiu     The  charge,  when  at  the  pasty  con- 
It  ion*   was  rabbled  or  di'awn  about  from   the 
to  the  centre  of  the  furnace,  to  mix  the 
melal  with  the  oxide  of  iron  produced  by  the 
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oxidation  of  the  ir'on  when  in  the  pasty  uondi* 
tion,  and  with  that  produced  by  hammer  scale, 
added.  A  vii^orous  reaction  takes  place  when 
the  latter  is  intmduced,  the  carbon  being 
oxidisedi  and  the  carbonic  oxide  escapes.  At 
the  same  time  the  other  elements  present  are 
moi"e  or  le-SB  oxidi.sf^d,  pjissing  into  the  ta.p 
eijjder.  As  little  slag  was  formed,  the  term 
dry  puddling  was  applied  to  this,  when  the  pig 
Ijoiling  process  came  to  supplant  it. 

Phj  litnlxwj.^ — This  is  more  economical  than 
dry  puddling.  Grey  and  inferior  ores  can  be 
used  without  producing  infenor  iron,  as  would 
l.w  the  case  if  inferior  iron  were  employed  in 
dry  puddling.  The  refining  for  white  iron  is 
therefore  dispensed  with.  Grey  iron  containing 
its  carlxjn  in  the  graphitic  form,  the  charge 
becomes  more  liquid  than  in  dry  puddling.  In 
pig  boiling  the  furnace  is  lined  with  a  layer  of 
tap  cinder,  broken  slag,  hammer  scale,  and  old 
broken  hearths,  which  are  all  rich  in  oxides  ol 
iron.  Thene  materiiUs  are  first  fused  and  spread 
over  the  bi^ttom  to  a  depth  of  abjut  3  in.,  and 
then  covered  with  a  fettling  of  puddlers^  mine 
— a  red  hematite,  llie  side  plates  are  fettletl 
with  bull  dog,  or  nmsted  tap  cinder,  followed  by 
puddlers'  mine.  The  pi'ocess  of  wet  puddling 
may  be  divided  into  four  stages.  Temperature 
and  working  differ  iu  uorae  respects  with  the 
class  of  iron  used,  whether  grey,  w^hite,  or  a 
mistture  of  both.  In  the  first  stage,  the  melting 
down  takes  place,  during  which  part  of  the 
silicon  is  removed,  and  gixsy  injii  converted  into 
white.  The  con  Aversion  of  graphite  to  combined 
c^irbon  is  essential,  because  the  latter  only  is 
sensibly  affected  by  the  oxides  in  the  fettling, 
and  the  oxygen  in  the  air.  This  stage  la^^ts 
about  half  an  hour.  In  the  second  stage,  the 
temjjcrature  is  lowered,  and  tlie  charge  is  mixed 
with  the  fluxes  and  cinders  by  rabbling  the 
metal  from  the  sides  to  the  more  fluid  central 
arcAs.  This  lasts  about  six  minutes.  In  the 
third  stage,  occupying  al>out  twenty  niinutesi 
the  heat  is  increased »  and  the  characteristic 
boiling  tiikes  placets,  due  to  the  escape  of  car* 
bonic  oxide.  Tlie  manganese,  sulphur,  and 
phosphorus  are  mostly  eliminated  during  this 
stage.  Kabbling  is  done  during  this  period  to 
pi-omote  the  oxidation  by  the  air,  and  by  the 
slag  and  cinders.  At  the  close,  the  charge 
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drops  and  becomes  pasty.  This  is  followed  by 
the  balling  stage,  in  which  the  metal  is  broken 
up  and  rolled  towards  the  fire-bridge  for  a 
welding  heat,  before  being  withdrawn  for  treat- 
ment in  the  hammer,  or  squeezer,  and  thence 
to  the  puddle  rolls  for  the  production  of  No.  1 
iron  preparatory  to  piling. 

The  loss  of  metal  in  puddling  is  rather  heavy, 
but  it  varies  much  with  the  ores  used,  and  the 
degree  of  care  taken.  It  varies  from  as  low  as 
5  per  cent,  to  18  per  cent,  of  loss  between  the 
weight  of  pig  iron  charged,  and  puddled  ball 
yielded.  About  a  ton  of  coal  is  used  for  a  ton 
of  bars  produced.  A  charge  consists  of  about 
4  cwt.,  and  a  puddler  with  his  mate  can  work 
off  from  five  to  seven  heats  during  a  shift  of 
twelve  hours. 

Puddling  Forge—See  Puddling  Mill. 

Puddling  Furnace. — A  reverberatory  fur- 
nace of  special  construction  for  puddling  iron. 
The  roof  slopes  downwards  from  over  the  fire- 
grate to  the  end  where  the  stack  is  situated.  A 
fire-bridge  separates  the  hearth  from  the  fire- 
grate. It  is  of  cast  iron,  water-cooled,  and  pro- 
tected ^vith  fire-brick.  The  flue-biidge  is  at  the 
opposite  end  next  the  stack,  and  between  them 
lies  the  hearth;  about  6  ft.  in  length,  and 
from  3  ft.  9  in.  wide  next  the  fire-bridge  to  2 
ft.  9  in.  at  the  flue-bridge.  The  funiace  bottom 
and  sides  are  of  cast-iron  plates,  enclosing  the 
fettling.  The  fire-grate  is  large,  its  area  being 
about  one-third  that  of  the  furnace  bed.  The 
firiruj  hole  is  to  one  side  over  the  grate,  and 
about  10  in.  above  it.  The  working  door  is  at 
the  same  height  above  the  bed  of  the  furnace, 
being  a  sliding  door,  counterbalanced,  and  opened 
and  closed  by  a  lever  and  chain.  This  is  used 
for  the  introduction  of  the  charges,  and  removal 
of  the  puddled  balls.  The  rabbling  is  effected 
through  a  small  opening — the  stopper  hole.  The 
slag  is  drawn  through  a  tap  hole  below  the 
working  door.  Double  puddling  furnaces  have 
two  working  doors  on  opposite  sides  of  the 
furnace,  and  two  sets  of  men:  12  cwt.  of  pig 
can  be  charged  in  these,  with  economy  in  fuel 
and  fettling. 

Numbers   of    furnaces   are   now   fired   with 

gaseous    fuel    on    the    regenerative    principle. 

They  much  resemble  open-hearth  steel  furnaces, 

using   gas   producers   and    regenerators.      The 
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linings  are  different.  Types  are,  the  Siemens, 
the  Price,  and  the  Ponsard,  the  latter  having  a 
rotating  hearth.  There  are  also  mechanical 
puddling  furnaces,  rotary  and  otherwise,  among 
which  are  the  Clough,  and  the  Danks.  See 
Rotary  Furnaces. 

Puddling  Mill. — Comprises  the  reheating 
furnaces,  and  the  rolls  in  which  finished  iron 
is  produced.  The  puddling  forge  contains  the 
puddling  or  iron-making  furnaces,  and  the 
hammers,  squeezers,  and  forge  rolls  for  pro- 
ducing the  puddle  bars.  The  reheating  furnaces 
are  larger  than  the  puddling  furnacea  The 
mill  rolls,  like  the  forge  rolls,  comprise  two  sets, 
the  roughing,  and  the  finishing  rolls. 

Puddling  Rolls,  or  Forge  Train.— The 
rolls  which  produce  No.  1  .bar  iron  from  the 
ball  or  bloom  of  the  puddling  furnaces,  after  it 
has  passed  under  the  hammer,  or  squeezers,  and 
so  been  shingled.  They  comprise  roughing,  and 
finishing  rolls  in  one  train.  The  first  named 
are  grooved  in  oval,  gothic,  or  diamond  shapes, 
and  roughened  with  chiselled  cuts.  The  second 
have  flat  grooves,  which  impart  the  bar  sections. 
The  bars  produced  range  from  3  in.  to  7  in.  in 
width,  by  from  |  in.  to  1^  in.  in  thickness. 
The  puddled  bars  are  cut  up,  and  piled  for 
reheating,  and  re-rolling  for  merchant  bars. 

Pug  Mill. — A  rotating  mill  for  pugging 
clay,  that  is,  kneading  and  mincing  it  to  a 
homogeneous  state  of  consistency.  Knives  are 
arranged  inside  the  cylinder  to  cut  the  clay, 
and  turn  it  over  so  that  a  thorough  amalgama- 
tion takes  place.  Pugging  mills  are  driven  by 
horse  gear,  or  through  belt  pulleys  and  gearing. 
The  clay  is  delivered  through  an  outlet  at  the 
bottom,  and  forced  into  the  moulds  for  bricks 
or  other  products. 

Pulley.— A  pulley  is  a  grooved  wheel  turn- 
ing about  its  axis.  A  pulley  block  contains  a 
series  of  pulleys  enclosed  between  side  cheeks. 
The  pulley  is  a  widely  used,  and  valuable  de- 
face for  changing  the  direction  of  motion,  or 
transmitting  power.  It  is  included  among 
the  mechanical  powers.  As  with  the  others 
the  mechanical  advantage  is  represented  by  the 

.    W      , 

ratio  — ,  W  representing  the  weight  or  resist- 
ance, and  P  the  power  or  force  to  overcome  it. 
If  W  is  less  than  P,  that  is,  if  the  fiuction  is 
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leas  than  unitj^  the  paQeT  vorks  at  a  mechanical 
disadvantage.  TheoredcaUy  the  cord  is  perfectly 
flexible  and  feictioa  is  absent,  tvo  conditions 
which  are  far  from  being  non-existent  in  practice. 
In  the  fixed  puller.  Fig.  16t>,  j^  there  is  no 
mechanical  advantage*  the  weight  and  the  power 
balancing  each  other.  A  weight  of  1  lb.  requires 
a  power  <tf  1  Ih.  to  balance  it.  or  more  than 
1  lb.  to  move  it.  A  fixed  pulley  is  useful  in 
changing  a  poshing  into  a  pulling  (downward 
or  horizontal)  force,  and  for  changing  the 
direction  of  motion  generally.      The  presence 


puUey  is  thus  equal  to  2.  As  the  cords  d^Murt 
from  the  parallel  position  the  mechanical 
ad\'antage  decreases,  s^>  that  when  the  angle 
made  by  the  two  supporting  cords  reaches 
120',  P  must  equal  W,  and  the  advantage  of 
the  movable  pulley  is  lost.  As  the  angle 
increases  beyond  this,  work  is  done  at  a  dis- 
advantage. 

By  combining  a  number  of  pulleys,  it  is 
obvious  from  what  has  just  been  said  that  a 
combination  of  many  pulleys  will  give  a  still 
greater    mechanical    ad>7intage.     That    is    si> 


^ 


r 


'zr 
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Fig.  16(».— PiiUeyy. 


of    friction,  however,  renders    it    possible    for 

equilibrium    to    exist    when    W    and    P  are 

unequal. 

A  single  movable  pulley  is  shown  at  b.     This 

type  is  used  on  cranes.     One  cord  (or  chain)  is 

attached  to  a  beam  (or  jib  head)  at  a,  and  the 

other  passes  over  a  fixed  pulley.     If  the  cords 

are  parallel  each  assists  equally  in  supporting 

the    weight   W,   and   therefore    the    stress    in 

\V 
each  is  i  W.    Thus  P  =  --,  the  power  is  only  half 

the  weight,  or  the  weight  is  twice  the  power. 
The  mechanical  advantage  of  the  single  movable 


theoretical ly,  but  in  practice,  the  friction  of  an 
increased  numl>er  of  strings  sets  a  limit  to  the 
numlx»r  of  pulleys  it  is  possible  to  combine. 
These  combinations  are  usually  alluded  to  as 
the  first  (separate  string),  second  (single  string), 
and  third  systems  of  pulleys. 

Tlie  arrangement  in  the  first  system  is  shown 
in  the  diagram  at  c.  Remembering  that  the 
tension  is  the  same  in  every  part  of  the  cord,  the 
tension  in  the  cord  marked  1  is  P.  At  the 
pulley  block  a,  P  supports  a  weight  equal  to  2 P. 
The  tension  then  on  both  parts  of  the  second 
cord  supporting  the  block  h  is  2P,  and  the  weight 

147 


Pul 


THE   ENCVCLOP.^DIA    OF 


(\S 


// 


irrsi 


Pol 

is  tlie  tension  on  the  ihinl 

c^>nl  suppoiling  the  hiiiok 
(.%  and  the  weight  W.  *uji- 
porUnJ,  equals  8P,  Efi*:li 
atklitioDal  pulley  liutihlw 
the  niechanii-*al  atlvajitJii^^, 
an  obvnous  infen.*nce  frcim 
the  investigatioa  of  the 
single  movable  pul  lev-  Tlw* 
inechatiicitl  advaDt^j^'e  of 
any  nuinl>er  of  puilev^  m 
this  yysit^ni  is  found  IroriJ 

W 

tht'  foi-imila  -=  —  i2",  when? 

n  is  the  number  of  pullm 
usefl.      With    oije    puliej 

-1  =  2*  or   2 ;    with  tvi* 

pulleys,  2-  or  4 ;  with  three 
puUeyB,  2^  or  8,  and  sti  on, 
Thb  HV^tem  is  not  of  niu^li 
practical  use> 

In  the  second  or  single 
Htnug  system,  the  i^uiie 
cord  passes  round  all  tli^ 
pulleys  as  shoTRii  in  tbe 
denioTist ration  diagram  lit 
D,  III  practice  tiie  pulleyi 
are  enclosed  in  tM^o  bloekfli 
the  upper  one  fiat«d  mm! 
the  lower  one  movable, 
and  this  system  is  very 
generally  used,  llic  t«i- 
iiiciii  throughout  the  wliole 
cord  is  again  P>  and  W  i« 
^iupportefi  by  four  corcb; 
theref.n-e  W  =  4P.  With 
any  number  of  puUeirs 
in  the  fotv<*r  block,  W 
2nP,  u  repre*ienting  tlmt 
nuuiber  of  pulleys.  Me- 
uhanical  advantage  thttS 
=  ft* 

The  thiril  system  w 
inu5*tratL*d  at  K,  each  string 
being  attached  tci  iImi 
wi-lghr.  It  tH  really  an 
iu  verted  sej^amtr  %Uiug 
Hynietu,      In    pmciioe    it 


roves  to  be  next  to  useless 
s^  diagram, 
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The  tension  in  the  first  string  =  P. 


second  „     =  2P. 


third 


=  4P. 


Pulley  Blocks.— 7%«  Weston  Block.— In  a 
sense  this  has  been  the  parent  of  all  modem 
pulley  blocks,  because  it  was  the  first  made 
which  was  able  to  sustain  its  load.  It  embodies 
the  principle  of  the  Chinese  windlass,  but  two 
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CL 
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]- 


Fig.  162. — Geared  Weston 
Block. 


"^^  sum  of  these  tensions  =  7P,  or  (23-l)P, 
^^  index  3  being  the  number  of  pulleys.  For 
*^y  number  of  puUeys,  therefore,  W  =  (2'»  -  1)P, 
**^  iiiechanical  advantage  =  2"  -  1. 


iron  sheave  pulleys,  recessed  for  chain,  take  the 
place  of  the  original  drum,  and  the  chain  is  sub- 
stituted for  the  rope.  The  same  endless  chain 
is  used  for  hauling  by  the  hands,  and  for  lifting. 
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The  excessive  friction  of  the  Weston  block, 
which  is  equal  to  more  than  half  the  work  put 
into  it,  is  at  once  its  valuable  feature,  and  its 
drawback.  This  explains  the  reason  of  the 
numerous  designs  which  have  been  made  to 
reduce  the  friction  without  sacrificing  the  ad- 
vantage. But  in  all  such  cases  a  brake  of 
some  kind  must  be  employed  to  sustain  the 


Fig.  161  illustrates  a  10  cwt.  Weston  block 
as  made  by  Tangyes,  Ltd.  The  pulleys  A,  B  are 
cast  together,  and  their  pin  has  its  bearings  in 
the  strap  c,  which  has  projections  coming  over 
the  chains  to  prevent  them  from  jumping  out 
of  their  grooves,  d,  d  are  the  chain  guides 
pivoted  around  the  pulley  pin,  which  prevent 
the  locking  of  the  chains,  and  permit  the  loose 


Fig.  163.— Worm  Block. 


load,  either  in  the  form  of  a  worm  gear,  or  of 
frictional  faces. 

The  original  Weston  blocks  are  used  as  much 
as  ever  for  ordinary  service  in  shops  and  out 
of  doors.  They  have  no  complicated  or  delicate 
mechanism  which  might  become  damaged  by 
fair  usage,  or  by  weather.  But  their  efficiency 
is  only  about  30  or  40  per  cent.,  while  that  of 
other  blocks  ranges  from  60  to  75  per  cent. 
150 


loop  to  be  pulled  at  a  very  considerable  angle 
with  the  loop  that  lifts  the  load.  E  is  the  hook 
by  which  the  tackle  is  suspended,  and  p  the 
hook  to  which  the  load  is  attached. 

In  these  blocks,  the  length  of  chain  required 
is  about  four  times  the  height  of  lift  plus  about 
4  ft,  in  powers  up  to  15  cwt.;  and  about 
6  ft.  in  the  1  ton  and  1 J  ton  sizes ;  and  8  ft. 
up  to  4  tons. 
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Geared  Weston  Block,— Fig.  162  illustrates  the 
Tangye  block  of  this  type,  which  embodies  the 
Weston  design,  vdth  the  addition  of  the  gain 
of  extra  power  through  a  small  and  large  gear 
wheel.  A  is  the  hand  chain  wheel  which  actuates 
a  pinion  B,  engaging  with  the  internal  gear  c, 
oil  the  axis  of  which  the  sheave  pulleys  d  and 


the  double-threaded  worm,  b  its  worm  wheel, 
the  bearings  of  both  being  carried  in  the 
framing  of  the  block,  c  is  the  hoisting  chain 
sheave,  cast  with  the  worm  wheel,  d  is  the 
hand  chain  sheave  which  actuates  the  worm. 
E,  E  are  the  guides  which  prevent  the  chain 
fi*om  jumping  out  of  the  recesses  in  the  sheaves. 


Fig.  U54. — Cherry  Block. 


^ 


E  are  secured.  f  is  the  hand  chain,  (?  the 
hoisting  chain,  H,  H  are  the  guides  for  the  hand 
chain. 

Tangye's  Worm  Block, — This  is  a  block  of 
high  efficiency,  due  chiefly  to  the  fact  that  the 
worm  is  double  threaded.  The  hand,  and 
hoisting  chains  are  distinct.     In  Fig.  163,  a  is 


F  is  the  ratchet,  g  its  pawl,  having  a  leaf 
spring ;  n  is  the  anchor  for  the  fall  of  the 
hoisting  chain,  J  the  suspending  hook.  The 
pulley  D  is  fitted  to  its  sleeve  with  a  screw,  and 
movement  in  one  direction  or  the  other,  by 
pulling  on  one  or  the  other  side  of  the  hand 
chain,  makes  or  breaks  contact  with  the  ratchet 
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F,  through  the  leatlier  wa^hprw  a,  a  ititeifiosed 
between  the  faces.  Tlie  frictifinaJ  crmtact  set 
upT  and  tlie  engage  in  en  t  of  the  pawl  with  tht^ 
ratchet,  makes  the  blocks  self-su«taining.  The 
make  and  break  are  etfe^ted  instantly,  and  the 
load  is  lowered  instantly  by  the  steep  pitch  of 
the  double- threaded  worm. 

(JImrry  Hhtck, — The  original 
Cherry  block  was  made  with 
diflerential  bevel  wheels,  one  <>f 
which  had  a  *iiJTerence  of  one 
tooth,  or  moi-e,  lesis  tlian  the 
other.  The  hand  chain  wheel 
was  attached  to  the  firwt  bevel, 
the  lifting  chain  wheel  to  the 
other,  so  that  the  latter  rcceiiwi 
a  slow  and  powerful  motion  from 
the  former.  The  bevel  wheels 
WMirkefJ  face  to  facc^  and  the 
teeth  were  engaged  successively 
by  an  et^centric  pin  boss,  giving 
a  kind  of  swash  plate  motion  to 
the  first  beveL  The  Cherry  block 
as  now  made  by  Me.ssrB  Tangyes, 
Ltd.,  is  shown  by  Fig.  1(54,  a  is 
the  wheel  for  the  hand  chain  a, 
on  the  shaft  of  which  wheel  is 
the  pinion  Bj  engaging'  \^ith  an 
internal  ring  of  teeth  c,  the  latter 
driving  the  w^heel  d  for  the 
lifting  chain  b.  The  latter  is 
anchoreti  at  c  and  d.  As  long  as  lifting  goes 
on  by  the  hand  chains,  the  brake  drum  «  within 
the  hand  chain  wheel  is  ixitated  by  means  of  a 
ratchet  /^  and  two  spring  pawls  g^  tf.  But  if 
lowering  is  to  be  done  by  the  brake,  the  lever 
E  is  pulled  by  its  cord,  and  the  brake  strap  is 
released  from  the  drum* 

The  Vale  d:  Townf^  Tri}ie.Y.  Chain  BlocL— 
This  is  a  powerfully  ge^tred  block,  and  one  in 
which  the  hand  chain  and  the  chain  for  lifting 
the  lo*ids  are  distinct.  Also  the  functions  of 
lifting  and  lowering  are  separat-e^J,  the  latter 
being  eflect^?d  by  an  automatic  friction  bmke 
mechanism.  The  bli>ok  is  shown  in  Fig.  165. 
A  is  the  endless  liand  clinin,  and  u  its  sheave 
pulley,  c  is  the  lifting  chaiUj  and  d  iti^  pnllcT' 
E  is  tlie  ratchet  wheel  running  with  n.  When 
lifting  is  being  done  it  turns  in  the  dii-ection 
of  the  arrow,  f  is  ifcsa  pawl,  kept  in  contact 
15l> 


vnth  the  teeth  by  a  spring.  The  ratchet  K  tur 
freely  on  the  hub  ci,  keyed  to  n,  but  the  shea 
B  is  caused  to  make  and  break  frictional  conta 


n 


i 


with  the  ratchet  e  by  a  quick  pitch,  ciiai^ 
tlireaded  screw,  by  me^ms  of  which  it  is  carri 
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(H,  W.  Ward  &  Co.) 


[The  NiteS'Bement'Potid  Co. ) 


Fig.  17-A-^Lkver  PPKCBixti  x^n  8u£ABtNo  Machupe. 

t  Francis  Berry  &  Bcms.) 


ToftM/u  page  152, 


PRACTICAL    ENGINEERING. 


Pu! 


ilhe  hub  of  r,,  arid  is  tightene*!  ctr  ri?Ieii8ecl 

St  the  leather  between  g  and  e  by  pulling 

A    ^posite  ends  of  the  chain  a.     The  friction 

^*^»cs  are  released  by  reversing  the  hand  chain, 

'^^^n  the  load  descends  smoothly  hy  the  slipping 

*>»    the  discs  0n  each  other^  on  spinning  tJie  chain 

*^-      Th€  sfiindle  li  carries  the  pinion  j  which 

^i^vea  wheeli  K  aod  K  in  perfect  balance,  the  pini* 

Wing  carried  in  rotating  l^earing  plates  L  and  M. 

^»lifl  with  K,  K  are  the  pinions  n^  n\  and  these 

f^fi;.Mge  ttith  teeth  o  on  the  pbte  F,  which  is  a 

pffrdon  of  the  main  framing  of  the  bhx^k*    Lugs 

^  iiii  this  fi'aniixig  receive  the  pin  of  the  hook 

I,  by  which  the  block  is  suspended. 

^_     "Hie  g*in  in  power  in  these  blocks  is  that 

^Bfrst  between  puiion  J  and  the  wheels  K,  K,  and 

^Bhv  from  £,  K  to  the  pinions  s^  N  and  ring  of 

^BmIi  d.     k  and  ^~  ai^  bushed  to  run  ou  their 

pins.     The  plate  si  is  keyed  to  the  revohing 

•ileeve  s,  to  which  the  lifting  sheave  wheel  D 
ts  screw^ed  in  two  sections.     The  spindle  e  htt?? 
a  bearing  at  the  end  opposite  to  the  hand  chain 
sheave  in  the  boss  e  attached  to  the  plate  u, 
which  encloses  and  protects  the  gearn. 
Pulley    Lathe. — A  ?^pecial    type   of   lathe 
uployed  solely  foi*  turning  pulleys  after  they 
lliaie  been  bored ;  they  are  put  on  a  mandrel 
nd  driven  Isetween  centres^  by  an  ei^nalising 
iver,  while  slide  rests  at  front  and  back  carry 
Qtting  tools  to  operate  on  the  rini  and  edges. 
\%,  166,  Plate  XII,,  iUustrates  a  gooil  type  of 
achine,  for  504n.  pulle}^;   it  will  be  noted 
%%  Uie  lathe  outline  Ls  considerably  modified. 
be  bead  stock  carries  a  spindle  and  face  plat^ 
driven  by  worm  gearing  from  a  six-step  cone, 
for  4-in,  belt;  the  shaft  of  this  cone   runs  at 
a  much  higher  speed   than    the   mandrel^  and 
advantage  is  taken  of  the  fact  to  fit  suitable 
Diandrels  into   it,  for   carrying   pulleys   which 
have  to  be  poLii^hed,  the  attentlant  doing  this 
Ofteratioii    while    the    turning    is    prcjceeding. 
The  two  slide  rest.'*  are  suppt^rted  on  saddles 
that  can  be  moved  in  or  out  to  E^uit  the  diameter 
^^f  pulley,  and  they  may  be  s?et  at  an  angle, 
^K[>   im|iart   the  cnjwning  w^hich   is  sul>stituted 
^Qtar.p  curve  in  so  many  cases  in  pi'esent  practice. 
I     A  isll-aeting  feed  i^  f^^iven  to  each  rest. 

Pulley  Mouldiog  Machines.  —  The 
moulding  of  lielt  pulleys  from  complete  patterns 
tnocle  in  wikkI  is  rait*ly  done,  the  j:«atterns  being 
too  expensi\  e  in  the  iirst  place,  and  too  fiimsy 


ill  the  second.  Standard  pulleys  i*egularly 
turned  out^  are  moulded  from  iron  patt^?rns> 
jointed  and  doweiled  tbrLiugh  the  middle  plane 
of  the  arms.  But  this  does  not  meet  the 
[Requirements  of  jobbing  work,  nor  of  all  standard 
work,  in  which  differences  are  made  in  width, 
and  in  mass,  or  straight  across,  or  with  different 
amounts  of  crowning.  In  shops  where  pulley 
moulding  is  done  by  hand,  the  cu,<jtom  is  to 
Imve  two  sets  of  iron  rims,  one  light,  the  other 
heavy,  and  two  sets  of  loose  arms,  lights  and 
heavy.  The  rims  are  all  of  one  width,  12  in.,  or 
15  in,  or  16  in.  Narrow  pulleys  are  moulded 
by  shipping  off  the  depth,  vety  deep  ones  by 
drawing  the  rings  in  the  mould.  The  arms 
are  centred  by  a  g^uge.  Special  boxes  am 
made,  circular,  or  hexagonal,  to  hold  the 
minimum  of  sand.  The  rims  are  tunied  inside 
and  out,  and  the  aiTus  got  up  neatly.  Excellent 
moulds  are  made  in  this  way.  But  the  mould- 
ing machines  do  the  same  for  pulleys  as  for 
other  work, — they  ensure  an  accurate,  vertical, 
and  steady  lift,  without  rapping,  and  distortion. 
There  are  several  designs,  some  .simple,  others 
elaborate. 

The  elements  of  a  pulley  moulding  machine 
are:  a  sta^nd  support  big  an  outside  stripping 
plate,  and  carrying  an  internal  sliding  arrange- 
ment by  which  the  pattern  rim  is  dra\^Ti  down 
through  the  mould  and  between  the  external, 
and  an  inside  stripping  plate,  after  ramming, 
The  arms  are  carried  on  the  inner  stripping 
plate.  The  moulding  boxes  are  fitted  by  pins 
to  the  machine,  tlie  same  pins  by  which  each 
part  box  is  registered  to  its  feUow,  each  box 
part  taking  half  the  puUey  depth*  In  some 
cases  hydraulic  pressure  ia  employed  for  the 
withdraw-al  of  the  pattern,  in  others  a  hand- 
wheel  and  screw*. 

Pull-Over  MilL — Denotes  a  rolling  mUl 
which  is  non-reversibley  and  in  which,  there- 
foi^,  the  plate  or  bar  has  to  be  lifted  over  or 
pulled  over  the  top  roll  in  oi-der  to  be  passed 
through  the  same  I'olls  again. 

Pulsometer  Pump.— A  pump.  Fig.  167,  tha 
motive  power  of  which  is  provided  by  the  alter- 
nate condensation  and  pressure  of  ste^m  acting 
on  the  water  or  other  liquid  being  pumped.  The 
pump  b«xly  is  a  single  casting,  formed  chiefly 
of  two  separate  pear-shaped  chambers,  with 
provistoo  for  inlet  and  discharge^  and  suitable 
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valves,  which  are  either  of  the  grid,  or  other 
type,  depending  on  the  particular  duty  re- 
quired. At  the  top  of  the  casing  where  the  two 
chambers  meet,  there  is  a  ball-valve  with  just 
enough  of  lateral  play  to  permit  it  to  close 


Fig.  167. — Pulsometer  Pump.     (The  Pulsoraeter 
Engineering  Ck).,  Ltd.) 

either  one  of  the  two  steam  inlet  openings  lead- 
ing into  the  chambers.  At  the  bottom  of  the 
chambers  there  is  a  suction  passage  from  which 
the  liquid  has  access  to  both  chambers  through 
valves.  A  discharge  common  to  both  chambers 
receives  the  liquid  through  other  valves.  The 
action  is  as  follows : — 
154 


When  the  pump  is  to  be  set  to  work,  the 
chambers  are  filled  with  water,  and  steam  is 
admitted  through  a  pipe  and  makes  its  way 
into  one  chamber, — whichever  one  happens  to 
be  left  open  by  the  position  of  the  ball  in  the 
neck.  It  presses  on  the  water  in  the  chamber, 
and  drives  it  through  the  discharge  opening 
and  valve  into  the  rising  main.  When  the 
level  of  the  water  is  as  low  as  the  horizontal 
orifice  that  leads  to  the  discharge,  the  steam 
blows  through.  But  being  at  the  same  time 
brought  into  contact  with  the  water,  a  vacuum 
iK  f (limed  almost  instantly  in  the  chamber  just 
emptied,  and  the  ball-valve  is  pulled  over  on 
the  seat  of  that  chamber,  preventing  the  further 
admission  of  steam.  Water  then  rushes  in 
through  the  suction  pipe,  lifting  the  inlet 
valve,  and  filling  the  chamber.  The  same 
prot*ess  now  goes  on  in  the  other  chamber.  The 
changes  are  so  rapid  that  without  an  air  vessel 
little  interruption  in  the  continuity  of  the  flow 
is  noticeable. 

The  Pulsometer  is  suitable  for  a  wide  range  of 
service,  including  the  raising  of  sewage,  sludge, 
mud,  sand,  (Src.  It  will  raise  from  15  to 
50  per  cent,  of  foreign  matter  in  combimi^ 
tion  with  water.  These,  pumps  are  made 
in  sizes  to  throw  from  1,000  to  150,000 
gallons  per  hour. 
Pumping. — See  Feeding. 
Pumping  Engines.— The  term  was 
formerly  understood  to  denote  Cornish 
engines,  but  it  now  includes  rotating 
types.  Pumping  engines  are  used  for 
drawing  the  water  from  mines,  and  in 
waterworks  service,  in  condensing  plants, 
on  land  and  on  board  ship,  in  each  of 
which  a  broad  and  definite  type  has  been 
evolved. 

Mine  Engines, — The  Cornish  engine, 
though  much  out  of  date  now,  did  its 
work  excellently  and  economically.  Its 
non-rotative  character  was  one  of  its  chief 
recommendations,  for  the  pause  at  the  end 
of  the  stroke  conduced  to  the  regular  action 
of  the  pump  valves.  The  pause  permits  the 
valves  to  fall  on  their  seats  by  their  own 
weight,  with  less  wear  and  tear  than  when 
they  are  closed  forcibly,  and  the  cost  of  repaii*s 
and  renewals  is  lessened.  The  expansive  work- 
ing of  the  steam  under  almost  ideal  conditions, 
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ribed  aiider  Comish  Engine^  gave  a 
|h  duty.  The  moment u in  of  the  descent 
mmp  riid  was  an  e?isential  feature  in  the 
I  of  the  Cornisii  engine,  in  the  ahaenee 
"^lieeL  The  rotative  beam  engine  has 
led  largely  for  mine  pumping.  But  it 
le  usieful  pause  at  the  t^nd  i>f  the  stix>ke, 
f  ^)eed  is  not  sufficiently  slow, 
iflt  any  horizonta!  or  vertical  engine  may 

for  mine  pumps  ;  simple,  or  compound, 
r  tandem,  generally  G*>nden.iing,  with 
I,  or  Corliss  valves,  and  of  all  dimensions* 
r  connections  of  the  engine  to  the  pump 
e  of  special  design  ;  gearing  down  is 
L  A  pinion  on  the  tly  wheel  shaft 
K  large  ivheel,  wdth  a  reduction  of  1  to 
»  The  latter  driven  the  pump  spea-r  rtjd 
I  a  bell  crank  lever,  or  bob  lever,  so  con- 
the  rotary  motion  at  the  Hywheel  to  a 

reciprocating  motion  at  the  spear  I'od 

wwoTk»  Pumping  Euifin&s. — Beam 
I  liotli  simple  and  compound,  have  been 
used  for  thiis  class  of  service,  but  they 
lorn  made  now,  having  been  superseded 
Err  types,  some  rotative,  and  either  verti- 
lorizonta!,  others  direct-acting*  Of  the 
ihe  Worthington  has  Ijeen  one  of  the 
jcoesafuL  The  independent  st^m  feed 
Lesigned  in  1841,  was  the  first  in  whi(.'h 
1  and  pump  pist*>n  were  attach e<i  to 
?  ends  of  a  piston  rofl.  In  1854  the 
iter  works  engine  of  this  type  was  built, 
1863  the  first  duplex  engine*  Set 
LtDgtQQ  Pumping  Engine* 
m  jor  Shipii  a  fid  />f>cA-,^*  — The  best  for 
urposes  ai'e  tboae  of  centnfugal  type* 
■©  variously  fitted^  being  belt  driven,  or 
coupled  ti>  an  engine  iiiounte<l  on  the 
ise  plate,  or  two  may  be  d  liven  fronj  a 
engine.  The  work  of  erection  is  nearly 
»le^  They  require  no  air  vessel,  are  not 
unaged  by  wind  and  grit,  will  pump  hot 
and  give  a  high  efficiency.  Sec  Centri- 
Pump. 

ipS-^Machiiieii  for  raising  tlaids*     The 

iJ  kinds  are  treated  under  their  suitable 

S^''  Air  Pump,  Centrifugal  Pump, 

Pump,    Force    Pump,    Hydraulic 

\ng  Engines^  Lift  Pump>  »te, 


Pump  Spear- — The  ihkI  which  operates 
det*p  svell  puaips.  It  is  made  of  wood,  as  l>eing 
lej^s  lial)le  U%  vibration  than  metah  Georgia 
pine  is  a  j^uitable  wood,  balks  or  planks  being 
fished  together.  The  weight  of  a  pump  spear 
'iB  often  several  tons  in  the  case  of  very  deep 
wells. 

Punch,  Punching.— Any  tool  which  ia 
used  to  stamp  holes  in  material  is  a  punch. 
Or  a  tool  which  marks  shallow  recesses,  as  a 
centre  punch.  Punched  work  includes  that 
done  in  idl  metals  and  alloys,  in  leather,  cloth, 
indiarubber,  card.  Punches  may  be  of  any 
cro!i*#i  section,  many  being  used  for  stamping 
flat  chain  Hnksj  blanks  for  ail  kinds  of  press^ 
work,  *fec.  But  the  majority  of  engineers* 
punching  deals  with  round  holes  in  sheets  and 
plates  of  very  sensible  thickness,  in  which 
cerUiin  precautions  have  to  be  observed  that  do 
not  arise  in  very  thin  work. 

Punching  is  a  detrusive  action  ;  that  is,  it  is 
produced  by  the  exercise  of  strong  pi'esstii'e,  as 
distinguished  from  that  wluch  is  pei"cussive,  or 
hammer  like.  The  stress  is  very  severe  during 
a  brief  period,  but  aa  soon  as  the  metal  is 
severed,  M'hich  occurs  almost  immediately  after 
contact  of  the  punch  with  the  plate,  the  press  am 
ceases.  Even  in  the  most  powerful  machines 
thei'e  is  thus  a  distinct  pause  in  the  action  at 
the  instant  of  greatest  stress,  almost  amounting 
to  a  momenta,ry  pull  up.  The  resistance  of  a 
plate  to  punching  is  about  equal  to  that  to 
resist  a  tensile  stress.  The  resistance  equals 
the  area  of  the  hole,  plus  the  thickness  of  the 
plate  ;  thus,  ef  x  ir  x  I  x  *  ;  where  d  =  diameter 
of  hole,  i  =  thickness  of  plate,  <*  =  tensile  strength 
of  material.  Tlie  re^tance,  therefore,  increases 
directly  as  the  diameter  of  hole,  thickness  of 
plate,  and  sti'ength  of  material. 

The  strength  of  the  punch  (letermines  the 
thickness  of  plate  which  can  be  punchetl,  A 
hardened  steel  punch  has  a  compressive  strength 
of  100  tons  per  sq*  in.  If  the  compi-essive 
strength  of  the  punch  is  over  four  times  as 
great  as  that  of  the  tensile  strength  of  the  plate, 
it  wull  punch  a  hole  having  a  diameter  equal  to 
the  thickness.  This  sets  a  limit  to  thickness, 
and  in  practice  no  attempt  is  made  to  punch 
thr*iugh  so  great  a  thickness,  but  tliickness  is 
always  leas  than  diameter, 
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A  very  important  tletttil  is  the  amount  of 
ck'ai-ance  in  the  cfte,  or  hdsier,  So  long  an 
there  is  sufficient,  the  exact  amount  is  im- 
material. It  varie.s  from  fjV  in.  t<i  |  in.  in 
smaller  and  larger  punches.  To  attempt  to 
punch  with  a  bolster  of  exactly  the  same 
fliameter  as  the  punch  i^ould  stress  the  plate 
and  the  machine  excessively.  And  the  hole  in 
tlie  lx)lsiter  must  always  taper  downwai'ds*  This 
allows  the  punching^  or  ^vad^  and  the  hole  t<> 
assume  the  shapes  which  result  in  least  stress  ; 
that  is,  a  wad^  and  hole  lx>th  larger  in  diameter 
at  the  lower  end  than  at  the  top.  The  faxit 
that  the  hole  is  tapered  does  not  matter,  the 
rivet  fiUs  it^  but  in  the  best  work  it  is  reamered 
parallel  to  I'emove  the  burr.  M,  Tresca  showetl 
that  the  action  of  punclaing  is  of  a  plastic 
character.  Under  the  severe  stress  set  up,  the 
wad  becomes  compressed,  without  increase  of 
density,  and  a  large  portion  of  the  m^Ud  flows 
laterally  into  the  plat«. 

The  punch  can  hardly  be  classed  as  a  cutting 
tool,  though  it  is  tapei^  back  by  a  degree  or 
two  for  clearance,  and  therefore  has  an  angle 
just  under  90\  The  spiral  punch  is  much 
better  as  a  cutting  instrument,  and  is 
used,  but  not  nearly  to  the  same  extent  as 
the  older  form.  Punches  and  bolsters  should 
never  remain  in  use  tifter  the  cutting  edges 
have  become  duKed.  They  often  are,  but  with 
increased  stress  thrown  on  them,  and  on  the 
machinej  and  with  injury  to  the  plate* 

EffectH  of  Fufickinfj. — The  diiJerences  in  the 
weakening  effects  attribute<l  to  punchhig  are 
rather  i^emarkable.  Thus,  Mr  Barnaby  in  1875 
desftriljefl  some  experiments  which  showed  4hat 
the  tenacity  of  steel  plates  might  be  i^lucetl 
from  31  or  32  tons  per  square  inch  to  14J  tons 
by  punching*  On  the  other  hand,  experiments 
by  Mr  liiley  in  1876  sliowed  no  loss  of  strength 
in  bars  of  I^andore  steel  punched,  and  unan- 
nealed.  In  connection  with  a  paper  by  Mr 
Boyd  in  1878,  describing  experiments  which 
showed  that  punching  diminished  the  tenacity 
of  steel  plates,  I>r  Siemens  insUmced  experi- 
ments on  punches!  steel  plates  which  showed  an 
apparent  inci'ease  of  strengtli  b}''  punching, an  ex* 
perienee  coafiruied  abo  by  ^Ir  Tweildelt  These, 
liowcver,  nuist  \ye  con  si  do  j-ed  as  exceptional 
lustance.H,    because   arj  overwhelming   uiass    of 


evidence  is  in  existence  to  show  that  puncliinjj 
weakens  the  resisting  power  of  both  iron  and 
st^eel  plates.  It  is  possible  that  the  siic  ^if  cliw 
blockj  or  bolster  used  has  had  an  influt*m* 
in  producing  these  apparently  c<3ntrad»ctoiy 
results.  With  a  bolster  having  a  hole  of  ab^iol 
the  same  st2)e  as  the  punch,  the  lo^s  of  stren^K 
is  greatest,  pnibably  lK^au»e  the  metal  immedi- 
ately around  the  punclied  hole  is  severely  ttijn- 
pi*cssedj  atid  therefore  in  a  diffet^nt  condtlion 
of  elasticity  fi-om  that  surn>unding  it,  E\* 
periments  communicated  by  ^fr  Kirk  in  1H7T 
showed  that  the  loss  of  strength  was  much  l^*Hi 
when  the  hole  in  tiie  flie  block  wa«  larger 
than  the  punch,  than  when  both  were  of  tHw 
same  sis^e.  Other  experiments  by  Mr  Parker 
and  Mr  J<ihn  in  1878  showetl  that  with  ^teel 
plates  o!  from  0-675  in.  to  0'712  in.  in  thirb 
nesst  the  effect  of  increasing  the  siae  of  the 
hole  in  the  die  block  was : — 


Total  taper  of  hole 

Lost  of  leimoit}'  flue 

in  plate. 

to  puiiphtiig. 

rV  in- 

178  pt'i-  fent. 

i-  in. 

12 '3       ,. 

a  in- 

■24-5       „ 

I 


With  a  large  hole  in  the  bolster,  the  evil  is 
of  another  kind,  but  equally  groat  as  with  Uio 
small  a  hole.  The  punched  hole  Ix^comes  raggwl 
and  torn  J  besides  much  tapeix^d,  and  Uie  metai 
consequently  very  much  weakened.  Otiier  ejc- 
periments  have  proved  that  the  1t>ss  of  strength 
due  to  punching  depends  partly  upon  the 
thickneaa  of  the  plate.  Without  going  into 
specific  results,  it  has  been  proved  tliat  thin 
plates  suffer  much  less  than  thick  ones  from 
punching.  Plates  punched  with  a  helical  or 
spiral  punch  wei'e  proved  by  Mr  Marlell  to  be 
2i  tons  per  square  inch  atron*ger  than  tlioee 
pierced  with  an  ordinary  punch- 
In  reference  tcj  the  reason  of  tlit?  weakening 
due  to  punching,  M.  B«irba*i*expejifoenl«i  (1875) 
lad  to  the  inference  that  the  weakening  is 
not  due  to  cracking,  or  to  a  reduction  oI< 
tenacity  in  the  nejghlK»orhi:«Ki  of  the  holes*  tint 
tu  an  alteration  in  the  elasticity  oi  the  nic^taJ, 
reducing  the  power  of  elongation  in  tlie  luurbw 
annulus  suiTounding  the  hole*  Th.  *  of 
the  punch  causes  metnl  to  tlow  hi  uto 

the  adjacent  surrountling  metal*    Itiiiuft) 
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mi^  set  up  ia  that  auuu!u^,  and  the  power  of 
elofigAtioa  being  climiiiiahed  there  it  g^ts 
more  than  its  due  ^sliai'e  nf  the  load*  resulting 
in  incipient  fmcture  in  that  IcKiality. 

A    Memorandum    issued   by   the    Board    of 

Ti^e  in  1885,  on  mild  steel,  for  the  use   of 

tbeir  surveyors,  containij  some  valuable  infornm- 

tica  on  the  effects  of  perforating  steel  plates. 

Tbe  plates  experimented  on  were  |  in.,  |  in., 

X  in_j  I  in.,  1  in*  thick,  and  they  were  all  perfo- 

g-».ted  by  drillin**,  by  punching,  by  punching  and 

siHih^equent  annealings  and  by  punching  and  eul> 

aie^uent  boring  or  reamering.    Tlie  plates  which 

iprere  drilled   sustained   the   greatesst    stresses*, 

tH*H5e  which  were  punched  the  least.    The  plates 

^sfc^Vdixh   were  punched   and    annealed,    punched 

a.n<l  bored,  bore  about  e<|ual  stresaes,  but  both 

wfere  inferior  to  the  drilled  plates,     llie  per- 

oeiifeage  values  of  the  perforated  plates  as  com- 

pATOd  with  solid  plates  are  given  in  two  ways  ; 

one  with   reference   to  the  gross  area  of  the 

platesj  that  is  including  the  metal  removed  by 

the  holes  ;  and  the  other  with  reference  to  the 

t»^t  area  only,  that  b  of  the  metal  left  between 

^b©  holes.     The  latter  is  the  method  which  is 

i**tt*lly  adopted  by  engineers,  because  it  enables 

^**Ctn   to    so    proportion   riveted   joints   as   to 

***atire  about  equal  strength  for  the  shearing  of 

*^  rivets,  and  the  tearing  of  the  plates.     The 

only  value  of  the   former  method  consists   in 

^^    facility  w^hich  it  affords  for  a  comparison 

^^    joints   similarly   proportioned   in   plates   of 

similar  thickness.     The  stresses  per  square  inch 

*™  net  section  between  holes  are  given  ia  the 

•Wowing  table  :^ 


« 


^VN  Stkisss  fee  SQrARE  IxcH   OP   Net    SiecrioN 
^ETw^E?^  HOI.E3  ojr  Fkrforated  Plates  {Lknuth- 


i^ia. 

f,ln. 

S-Id. 

f4D. 

l-ln. 

_____ 

TOOIL 

HaUa 

t'latea 

tlAtfll, 

Flfttea 

, 

Tooii 

T«at. 

Tdiu.  ; 

Tohii 

29-40 

3n-2l 

29-60 

32 -aB 

20  49 

25'9-2 

27-27 

2270 

)ivm 

18-18 

Healed 
V5inLhed  04wl  bored  - 

281)7 

2S'6l 

29-99 

29-36 

2711 

:27i23 

^m-^ 

28  11 

wm 

28-08 

^tiperforaied  pUlc* 

27  10 

2fr60 

2T-2«i 

mm 

127  10 

l^iid  percentage  values  for  the  different  kinds 
^*  perforations  ane  given  in  the  table  succeeding. 


Ultim.%te  S-TKEsa  rEK  SgcAKE  Inch  of  Net  Skction 
or    PEHFimATKU  Plates  CtiMPAKEu    with    Uh- 

FERFDIHTEto   PlaTES   (LenGTMWAY). 

U^^BR^t>KATK[>  Plat^  =  li)(X 


FwtM. 

'^L. 

Un. 

fu  »nt 

pCf^ttt. 

p.  eeat 

p  C«tit, 

p.  HMnt, 

Drilled  - 

-r 

» 

108'4 

in-ty 

U»8^S 

107-2 

loft-s 

Punclied  - 

95iS 

102-5 

^-4 

727 

liT'O* 

Punched 

atjd 

mi- 

np^led- 

. 

- 

1035 

107-5 

110-2 

9B-8 

lOfKJ 

Punched  and  boned  * 

1004 

107-2 

103 -a 

loi  n 

im-^ 

These  tables  are  very  valuable  as  showing  tlie 
desirability  of  aljiiridoning  punching  in  favour 
of  one  of  the  other  niethuls  of  peiHforation. 
And  a  plate  not  only  suffers  in  ultimate  strength 
by  punching,  but  also  in  ductility,  ?v^  the 
following  table  shows  : —  ' 

Elo^*{IAT]03$  or  HoLKs  IN  P£aFORATEii  Plates  at 
Ultihatb  Strbbs  (Lknothway}. 


j:^ 

lidtok 

l^ 

^^ 

l-Jn. 

1l«tJt. 

puo. 

p.fl. 

pc. 

P.O. 

1 

p.e 

P.O. 

1  Drilled     - 

251) 

mn 

S>^8 

aaii 

34  « 

aH> 

Putichixi  - 

10-4 

11-6 

m 

31 

P9 

«'6 

Puucbed     ami     nn* 

nealed  - 

*25*6 

24 '4 

30^4 

28-7 

254 

26-9 

Punched  and  bored  - 

19-2 

19-2 

;22  4 

24-2 

151J 

201 

Another  point  is,  that  speaking  generally, 
the  perforations  which  coincide  with  high  tensile 
strength  and  ductility  also  show  silky  fracture, 
while  tlie  others  are  either  partly  silky  and 
partly  granular,  or  wholly  granular. 

PunGhing  Bear. — A  portable  machine  for 
punching  holes  in  plated  work^  and  in  repair 
work  which  cannot  be  reached  byhxetl  machines. 
They  include  screw,  duplex  leverj  and  hydraulic 
types,  illustrated  in  the  figures,  b?  Tangyes, 
Ltd, 

The  sci-ew  type  is  sliown  in  Fig.  168.  Tlie 
body  and  screw  are  of  -  wrought  iron.  These 
are  made  in  four  sizes,  to  punch  holes  of  i  in., 
I  in.,  {J  in.,  and  I  in,,  given  as  through  Iron 
platen.  Smaller  punches  and  dies  ca.n  be  in- 
serted in  any  machine  than  that  for  which  they 
are  designed,  but  not  larger  ones.    The  duplex 
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bears,  Fig.  169,  are  made  in  similar  sizes,  but  are 
of  both  open  and  close  mouth  designs.  They 
are  also  made  with  a  shoe  to  fix  to  a  bench. 

Hydraulic  Punching  Bear. — One  of  these, 
by  Tangyes,  Ltd.,  is  shown  in  Fig.  170.  It  is  of 
the  open  mouth  type.  The  body  a  is  of  wrought 
iron.  B  is  the  water  tank,  with  a  wrought- 
iron  bottom,  screwed  into  the  tank  and  the 
body.  D  is  the  pump,  of  gun-metal;  e  the 
plunger  of  wrought  iron,  actuated  by  the  lever 


and  the  delivery  valve  is  below ;  h  is  the  gauze 
for  the  suction  inlet. 

The  bear  is  operated  thus :  the  lid  n  is  un- 
screwed from  the  cistern  b,  the  punch  is  lifted 
as  high  as  possible,  and  the  cistern  is  nearly 
filled  with  a  mixture  of  one  part  of  glycerin* 
to  three  parts  of  water.     The  stop- valve  l  ia 
screwed  up,  and  the  lever  on  g  is  worked  til^ 
the  punch  is  through.     The  stop-valve  is  thexi 
unscrewed,  and  the  punch  lifted  by  the  caxsi 
M  to  draw  out  the  punch  from  its  hole  read  2? 
for  another  setting. 


Fig.  168.— Punching  Bear. 

p,  and  handle  slipped  over  the  squared  end  g 
of  the  spindle.  H  is  the  ram,  j  the  punch,  and 
K  its  bolster,  l  is  the  stop-valve,  m  the  cam 
by  which  the  ram  h  is  lifted  by  a  handle  (not 
shown)  similar  to  that  used  for  g;  a  is  the 
ram  leather.  It  will  be  seen  that  the  design 
of  the  bear  is  essentially  that  of  the  Jack 
(see  Vol.  VI.,  page  27,  Fig.  19).  But  in  that 
figure  the  suction  valve  is  in  the  pump  body, 
while  in  this  it  is  in  the  pump  plunger,  at  c, 
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Fig.  169. — Duplex  Punching  Bear. 

Punching  Machines.— These  are  either 
fixed  or  portable.  For  the  latter,  see  Punching 
Bear.  The  method  of  operation  of  the  fixed 
machines  is  either  by  cam,  or  lever,  or  by 
direct  hydraulic  pressure.  Very  often  the 
operations  of  punching  and  shearing  are  em- 
bodied in  one  machine.  There  is  advantage 
and  disadvantage  in  the  combination,  which 
must  be  taken  account  of  by  individual  firms 
when  making  selection. 
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nching  machines  are  driven  by  belt  pulleys 
pur  gear.  A  flywheel  or  a  pair  of  wheels 
ted  to  equalise  the  turning  moments, 
r  large  machines  are  of  independent  type, 

is,  driven  with  an  engine  bolted   to  the 
ing.     Of  late  years  motor  dri^'ing  is  being 
ted. 
rw   MachiiieH, — In   these,   one   end   of    a 

is  raised  by  a  cam  on  the  main  driving 
,  pushing  the  other  end,  which  contains 
•unch  slide,  downwards  to  its  work.     It  is 


A  combined  machine  by  Messrs  Davis  <fe 
Primrose,  having  lever  motion,  is  illustrated  in 
Figs.  171  and  172,  the  first  giving  the  general 
arrangement  of  the  frame  and  driving  gears, 
the  second  details  of  the  lever  movements.  In 
Fig.  171  the  fast  and  loose  pulleys  A  drive  the 
top  shaft  fitted  wijh  two  flywheels ;  and  double 
gears,  b,  c,  d,  and  e,  drive  on  to  the  cam  shaft 
F.  In  Fig.  172  two  cams,  a,  6,  also  seen  in 
Fig.  171,  press  upon  hardened  steel  strips  let 
into  the  undersides  of  the  long  levers  g  and  h, 


Fig.  170. — Hydraulic  Punching  Bear. 


led  down  by  another  cam  to  draw  the 
h  out  of  its  hole.  An  advantage  of  the 
•  machine  is  that  the  speed  of  punching 
lifting  can  be  varied  by  the  shape  given 
le  cam,  to  provide  a  quick  return.  It  is 
consonant  with  the  operation  of  punching ; 
in  its  descent,  giving  a  pause,  while  the 
idant  has  time  to  adjust  the  plate  or  Imr, 
bo  coincide  with  the  severe  stress  of  punch- 
uid  a  rapid  ascent,  with  economy  of  time. 


and  force  them  upwards,  so  that  they  pivot 
around  the  pins  at  c  and  d]  they  are  pulled 
downwards  by  straps  j  and  k  acted  on  by  other 
cams  on  the  shaft.  The  shear  blade  slide  at  L 
encloses  the  end  of  the  lever  h  by  a  slot,  while 
the  punch  slide  is  moved  by  a  short  block  that 
Ls  thrown  into  and  out  of  action  by  the  lever  m 
to  work  the  slide  n. 

A  complete  drawing  of  a  lever  machine  by 
Messrs  Francis  Berry  «t  Sons  is  given  in  Fig. 
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Fig.  171.— Lever  Punching  and  Shearing  Machine. 


Fig.  172.— Lever  Punching  and  Shearing  Machine. 


160 


Putt 


PRACTICAL    ENGINEERING. 


Pun 


J  73,  It  iocludea  an  angle-ipjn  shear  at  one 
%i4ie.  The  drive  takes  place  thit>o*^h  pulley  a  A^ 
and  spiir  gears  b,  c,  P,  E,  the  La^t  being  on  the 
central  shaft.  A  cam  works  the  lever  p  for 
punching,  and  an  eccentric  the  lever  G  for  shea,r- 
in^^  it  having  been  found  tliat  the  eccentric 
gm^vi^  gradual  movement  better  suited  for  shear- 
Is^^  than  that  imparted  by  a  cam.  The  angle 
nd^iir  blade  slide  iu  reciprocated  by  an  eccentric 
otm  the  end  of  the  lihaft,  and  a  dii^ngaging 
iMotion  \&  fitted  to  this,  and  the  punch  slide  aJmi. 
Til**  phott*,  ¥i^,  174,  Plate  XII,,  i^hows  a  similar 
cl«-!5Ji  of  machine  arranged  for  electric  driving, 
tlie^  motor  Ijeing  placed  on  the  top  of  the  frame 
iiiici  gaared  by  a  raw-hide  pinion  t<j  a  spur 
'^^Heel  which  actuates  the  train  of  gears,  operat- 
ing in  a  similar  miuiner  to  those  tti  Fi<i.  173, 

Mceentric  Machm^^f.^ln  the^^f  a  jun  i&  tunie<l 
^ooenfcrically  on  the  end  of  the  <lriving  shaft 
(oEl«  at  eAch  end  in  combined  punching  and 
sliearing  machines).  The  amount  of  eccentricity 
**  ^pnough  to  impart  the  up  and  down  stroke 
to  the  punch.  The  pin  in  its  eccentric  it? vol  u- 
tioii  iiio\'es  in  a  slot  hole  in  a  rec lingular  block 
^^litrli  ha!4  a  horizontal  movement  in  a  receas 
»ti  tijc  punch  slide,  and  srj  impartst  the  vertical 
"nciveinent  U}  the  latter.  Or,  in  the  Whit  worth 
'wsigiu  a  triangidar  hhyvk  receives  the  pin,  and 
'^■^eks  in  a  triangular  shaped  i*ecess  with 
^Ulfiijent  late  ml  clejii'ance,  Tii  this  design  the 
**!>  arifl  down  'Strokes  ai'e  juade  in  ei|ual  times. 
liie  unly  thing  which  can  be  dime  in  to  increase 
^«ie  lift  of  the  slide,  and  run  it  at  a  higher 
*peed.  On  the  other  hand,  the  thrust  is  more 
*iitTct  in  an  eccentric  machine,  and  the  framing 
^  Htmined  less, 

A  stop  is  inserted  betweeti  the  bottom  edge 
*if  ti^  sliding  block  and  the  i"eces8  in  the  slide, 
^*  he  puileii  out  when  an  adjustment  for  punch* 
'^f^  Ui  not  completed, 

Pig.   175   show^  a  combined  punching  and 

''nt*aring  machine  by  Mes^irsj  Davis*  tt  Primroijc. 

^^  is  uf  eccentric  tyfie,  the  rihaft  a  running  in 

™<»sinej,  cioi^  to  tht*  enxls,  the  eccentric  pins  pni- 

'*^t  into  square  blocksi  (see  the  enlarged  details 

^  %  which  have  a  certain  amount  of  side  plav 

"  th*^  jiunch  and  nhear  slides  U>  permit  of  the 

''J^^^^Htric  movement.     In  the  case  of  the  punch 

*^«^  there  i^  a  cam  o  thrown  downwards  by 

*^  lumdle  to  render  the  motion   inoperative 

VOL.  vti. 


until  the  plate  to  be  punched  has  been  adjusted 
into  position.    The  punch  and  bolster  are  shown 


in  enlarged  section  at  E,     The  eccentric  shaft 

b  driven  fi^om  the  top  sliaft  by  fast  and  loose 
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pulleys  at  F  through  pinian  g,  wheel  H,  pimou 
J,  and  wheel  K  ;  tlie  slides  recipinjcate  about 
eighteen  times  per  minute.  The  stripper,  which 
pi-e vents  the  plate  from  rising  with  the  punch 
on  the  upward  stmke,  is  a  screwed  barj  with  a 
tumed-up  foot,  having  a  gap  through  which  the 
punch  pasaes.     The  Ktrip^ierB  ai*©  seen  in  the 


machines  when  desirable,  aa  shown  in  Fig.  17 T, 
Plate  XITI.,  which  represenbj  a  1  Jin*  madiine, 
that  is,  one  capable  of  punching  l4-iti*  ^^'•''^ 
thmugh  plates  l^  in.  thick.  Anglts  iron  tj^i  'm 
5  in.  by  f  in*  can  be  shoi*n  by  the  blade 
near  the  centre*  An  electric  motor  dii>--  ^4*^ 
marhinf*. 


Hit*— EoL'en trio  Punching  and  Hbe&riiig  Miickij]t<. 


general  views  of  the  machines  here  shown,  auti 
an  enlarged  plan  view  iw  given  at  L,  Fig.  175, 

A  mptor-driven  eccentric  punching  and  shear- 
ing niachine  is  shown  in  Fig,  176,  Plate  XIU., 
Wii^  motor,  as  in  the  ca^e  of  Fig.  174,  being 
tuupled  by  a  rftw-hide  piniim  to  tlie  fin^t  wheel 
in  the  train.  Cranea  am  fitted  to  the  larger 
165 


^otnHiMfiil 

i  4%t* 


Fig.  17**  gives  a  side  view  uf 
punching  and  shearing  machine  i 
Bii*!i.j  Operated  hydraulically.  i:.;  .  ^\  a 
shear  blade  k.  ^et  on  the  bevel,  an  imglts  ailiair 
li,  and  a  punch  C.  Each  of  the  ^ide*  ia  fotrcecl 
down  by  a  ram  in  the  i^ylinders  Is  l»,  l\  ftiid 
returned  to  nonual  po«iition  by  ;i  suiaII  tvinrti 
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no.— EtXKNTBIU   Pc^CHISO   AND 

^ifEAftiM.    MAiKi^fK.      (Francis 
Btrty  &  Hofts. ) 


Fitf.  177. — E<i  KMKit.  Vi  M  KiMi  and  Shearimj  Machine. 


( Fa  i  r ba j  n  i  M  twjphersoTi. ) 


Fig*  L  SJ».  ~  t  J I  A  k  r  L  i;  1 M  i  il  AC  MI  K  K,     ( Fairlmi  m  Ma^pbiirsoii* ) 
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nder,  e,  e,  e.  The  supply  of  water 
by  the  valve  levers  f,  f,  f.  These 
I  made  up  to  36  in.  in  the  gap,  to 
shear  plates  up  to  1  in.  Many 
[instructed  without  the  shears,  so 
16  is  of  bow  form,  with  a  gap  more 

section  of  a  punching  machine  is 
mnd  the  gxdht^  or  opening  for  the 
P8.  It  is  strained  by  every  detrusive 
16  metal  becomes  cr3'stallised  and 
>ften  these  machines  have  fractured 
horizontal  or  diagonal  direction, 
ie  metal  here  alone  only  aggravates 
setting  up  cooling  strains.  The 
[  be  distri- 
reasonable 
id  deep  and 
d  ribs  cast, 
idii  every- 
deeper  the 
lore  severe 
In  com- 
3hines  the 
let  should 
rower  than 
>unching, 
5  patterns 
the     same 

in    which 

are  built 

angle  are 

iry  Pels  «k  Co.,  more  especially  for 
rolled  sections.  Most  of  these  are 
e,  avoiding  the  spring  of  the  open 
les. 

punching  machines  are  used 
Tking  on  bars  which  are  slid  along 
^ront  of  the  punch, 
munching  machines  ai-e  made  for 
1,  ship,  and  tank  work,  itc,  a  com- 
loles  being  pierced  simultaneously. 

are  carried  at  the  bottom  of  a 
nprocated  up  and  down  between 
duple  of  eccentrics  on  a  horizontal 
^upled  by  connecting  rods  to  the 
ae  cases  a  tapered  strip  backs  uj) 
>anches,  so  that  they  strike  the 
session,   instead   of    all    at   once. 


Some  machines  have  the  punch  below,  the 
shears  uppermost,  used  chiefly  for  light  duty. 

Pjrramid. — A  p3n'amid  is  a  solid  having  any 
plane  figure  for  a  base,  and  the  sides  are 
triangles  whose  vertices  meet  in  a  point  at  the 
top,  called  the  apex  or  vertex  of  the  p3rramid. 
The  pyramid  is  named  from  the  shape  of  the 
base,  as  square,  triangular,  pentagonal,  kAi, 
The  axis  is  the  line  drawn  from  the  apex  to  the 
middle  of  the  base,  and  when  this  line  is  per- 
pendicular to  the  base,  the  cone  is  said  to  be 
a  right  one.  The  slant  height  of  a  pyramid 
is  measured  along  the  middle  of  one  of  the 
faces. 

To  find  the  volume  of  a  pyramid  :  — Multiply 


Fig.  178.  —Hydraulic  Punching  and  Shearing  Machine. 


the  area  of  the  base  by  the  height,  and  take  one- 
third  of  the  product. 

To  find  the  volume  of  a  frustum  of  a 
pyramid  : — To  the  areas  of  the  two  ends  of  the 
frustum  add  the  square  root  of  their  product ; 
multiply  the  sum  by  the  height  of  the  frustum 
and  one-third  of  the  product  is  the  volume. 

Pjrrometers. — Thermometers  designed  for 
measuring  high  temperatures,  or  literally,  fire 
meters.  Tliey  are  often  classed  as  thermometers, 
and  some  measure  temperatures  as  low  as  the 
mercury  and  alcohol  thermometers  do.  But  it 
is  convenient  to  make  the  distinction. 

The  utilities  of  the  pyrometers  have  been 
vastly  extended  with  the  demands  made  for 
increased  accuracy  of  temperature  measure- 
ments, and  with  the  lessening  practice  of  rule 
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of  thumb-  Ej^petrially  if^  tln«  of  interest  U^ 
engineers,  iti  the  metallurgiail  industrie-!?,  in  tnelt- 
Lfig  and  pouring  metals  and  alloy.s,  in  hot-air 
blast  main  tprnpeiiitures,  in  the  heat  t]^eatm**nt 
of  steels,  in  haixlening  and  teni peri ng  operation h, 
in  annea:H^f,^  and  in  V>oiler  enj^ineering,  where 
flue  temperatures  are  ijnportant,  and  the  tein[H.*r- 


COit 


Fij,%  iT-^-  -  KeaiHtancD  1'hermtjnH'tPr  for  Aniienliiii^ 
iinrk  Ciist*  Haideniiig  Furiitti'i^K  jiml  HiiiTleuin^ 

dtuire^  (ff  high-proMure  »tc«ni  in  sujmrheating, 
tiut^ide  i-if  engineering  proper  there  m  a  v^a^^t 
jind   growing  fiekl    f*>r    pyiiinH*trv  in    brewers* 


cold  storage  ehandjers^  gla*§  furnaees  briek 
kilns,  jam  l>oiling,  &e»  80  vaiietJ,  Xah^  arp  tk- 
eonditiftns,  that  different  types  of  pyrtmietm 
have  been  designed  to  meet  them,  Tht  type* 
most  generally  UNe<l  are  the  Resistance,  dej>ea*i 
ing  on  the  variations  in  i-esisUince  of  n  platiiitiiD 
wire  with  temperature,  the  TIiermu^eJectTic, 
l^adiation,  and  Absorption  pyrometers-  \\h 
pro  xij  I  lately  temperature  n*eastiretneii  tie  may  tv 
relierl  on  a^  lieing  McLunale  to  within  1  f«?r  init 

The  value  of  tire  pyrometers  lie«  to  &  Xatpi 
extent  in  the  eombinatiim  therewith  fif  tin* 
aut-omatie  reeoi'dei*K.  Tliese  geueimlly  rt*^ijrtt*r 
the  tluotuatioiii  of  temperature  on  a  |i^f»cr 
wound  on  a  drum,  and  whow  in  a  gmpliiL 
manner  the  variations  which  it  is*  the  duty  d 
careful  Attendants  to  i*eguhite  anri  i«n:>trtjl 
There  is  thus  no  hmger  any  dependence  nn  l\w 
trained  eye  judgn»ent  of  colour  tint*^  hut  an 
unskilled  attendant  can  iT.ad,  a«  also  u^rj  tin 
manager,  the  sttiry  of  the  iluetuations  di'hni«4tKl 
on  the  paper  wrappeil  i*ound  the  jieeonler  drum. 

Hettistancp  Pt/nnnrM^ytt. — The  (?*i*ential  eh*in»*iit 
in  the^e  is  a  Ene  platinum  wire  of  about  hatf  a 
mi  Hi  met  re  in  iliameter  wliich  in  wound  *kj  * 
mica  frame,  m\d  whieh  dei;»ejidsfor  it^  ojit^j-aliuti 
on  the  fact  that  resii^tance  iucreaj^^s  t\»  tempffn^ 
turc  rises.  In  the  pp'o meters  by  the  Camhriiigt' 
Sinentific  Instrument  Co,,  the  re^HiHtance  ucfti 
not  be  kufiwn  by  the  user,  as  the  temjx'ratmr 
is  direttly  indicated  by  the  instrunients.  It  ^ 
uaual  to  apeak  of  the  wire  as  the  hu/h  of  tht*  id 
strument.  Tt  is  contaJnal  in  a  tul>e  i»f  poivrJaiitt 
and  is  connected  by  stouter  wiren  to  tlie  rnnnxlcr 
For  some  purposes  tubes  of  stt^el  or  bnia&  Atv 
tised  insteafi  of  |H>rcelain.  Tliere  is  no  need  i^^ 
locate  the  reeortler  close  to  the  pyroinf't4^r.  In 
nn  inntalhition  at  Woolwich  the  two  mx*  situiil**! 
tliree-C|uarters  of  a  mile  apart.  Compensating 
leads  are  so  arimnged  thrit  the  tempera! urtt  fj| 
the  bulb  gi\eK  tlie  readings.  Tlie  desfign  "f 
the  pyi'omoters  is  vurieil  to  suit  the  numehm* 
duties  and  industriej^  in  which  they  are  f^rti- 
ployed.  Generally  for  tenqieraturfs  lK4t*w  9lH>' 
Cent.  (l^Crit)"  FahrO.  the  ii?sistAnce  pymmetMS 
an^  suitable. 

The   Thf.rinQtt*fJtti%   Fig.    ITU,    is  ffuit^ibir  I** 
taking  temperatures  of  furnaces  and  lluon,  Ac 

lesigned 
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ini^  IjfithK,  ifcc.  It  LH  pnivided  with  li  cast-iron 
hen* I  witli  pn>tecting  flaii*;L%  uiiii  with  eovorand 
union  for  hoUUiig  cotinecting  leitd^  in  flexible 
**te**l  <iv  copper  tubing.  It  in  aUu  suppHetl 
without  the  [>n>t**cting  tetMuirial  cap,  and  vrith 
thumb  terminals  iti  place  of  the  bmditig  post*? 

$)iuwn  in  Haid  A^ 

Fig*  !i?0  showM  a  Uvm*munietar  deyi^ned  for 
neti^miiiiing  the  temperature  of  liot-air  niMinn  ; 
rbf  infitnmient  is  ^hown  uKserteti  through  the 
roof  of  the  iDaim  Tlie  pyrcnneter  is  eiielosed  m 
a  jMirrf^Iain  tiil>p  with  an  upper  jiart  *»f  rast  iron. 


or  platinum-rhodium  ;  the  hearls  aiN?  hard  wcH^rl. 
Fig,  IHli  is  also  in  Unified  for  dmilar  tem- 
peratures to  tlie  abovdf  in  annealing  furna<;es, 
case-hardening  furnaces,  il'c.  There  in  a  cast- 
it  i>n  headj  with  protecting  flange,  with  a  t-ermi- 
nal  cap  and  union  for  holding  the  leads  in  ilexilile 
steel  or  copper  tubing*  It  will  be  ?feen  that  a 
steel  tulrie  or  nheath  surrounds  the  porcelain 
tulx^ ;  this  sheath  is  removed  when  tempera- 
ture*^  above  700 "  Cent,  are  measured.  Fig.  1 83 
represents  a  very  slender  type  of  instrument, 
dej^i^'ncfl  for  n^Hcarch  work,  the  determination 


mpt   4*0    tt**n 


Pig,  IHO.— Pvrrjmpl«r  for  Deknnuning  tht?  Temperature  of 
Hoi -Air  Mnitis. 


lie  C4t.st-iixni  heafl  ih  fitted  with  a  union   for 

ttilding  tlie  connecting  le^tds  in  flexihle^jcopper 
tubing,  with  a  cap   which   can   Ije  tpiiolily  re- 

Qovpfl  for  tniiking  and  inspecting  connectionB. 
Figs.  1^1-183  d  lust  rate  sections  through  three 

^|»eB  of  tbermi>electric  themiometers  by  the 

fimbridg**  H4"i**ntific  Instrument  Co,,  Ijtd*    Fig. 
IM  ij*  <*mploye<l  for  U^mperatui^*^  up  to   1,400^ 

etiL   (2,552*  Fahr.)  in  high  ti'miMTature  fur- 
,  fiue«,  ii*c.  The  tidie  i^  of  porcelain  th rough - 

at»  the  Ica^ls  *tre  of  platinurn,  platinum  iridium, 


of  recalescent  points,  *kc.,  where  only 
a  small  amount  of  the  dubstance  to 
be  tested  is  available.  TemperatuiT's 
up  tci  1,400''  Cent,  can  be  measured, 
but  by  removing  the  porcelain  tube 
temperatures  up  to  1,600"  Cent,  are 
possible, 

Iftdicaiorii   ami   Metiorderjf.  —  Of 

these  thei^  are  abo  several  types, 

hi  the  Whipple  indicator  the  wires 

leading    fn:>m    the    pyrometer    tire 

brought    into   a    box    containing   a 

battery.     By  depressing  a  key,  and 

turning  a  milled   head,  the  resiat- 

ance  of  the  indicator  is  ma<le  eijual 

to  that  of  the  thermometer,  and  a 

galvanometer    needle  stops  when   the   balanct^ 

is  obtitined.     The   temperature  in  flegrees  can 

then  be  read  off  on  a  scale. 

The  indicator  may  l>e  placed  at  a  ci»nsifler- 
able  distance  from  the  thermometer  with- 
out the  accuracy  of  the  I'eafling^*  heing 
aflTeeted,  Tlu*  inntrimifrnt  is  so  c*>nstructod 
that  rapidly  varying  temperatures  may  be 
readily  followed  and  measuifd.  A  serie.** 
of  theruiometers  dLstrihutetl  tiver  a  con- 
siderable ai'ea   can   lie   rea*!   from  one  central 
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station  by  means  of  an  indicator  and  switch- 
board. 

For  recording,  the  Resistance  pyrometer  is 
connected  to  a  Callender  recorder,  and  a  battery. 


paper  and  register  the  temperature.  Wh^  tih 
balance  is  disturbed,  a  galvanometer  tends  t 
deflect  to  one  side  or  the  other  and  oompto 
the  circuit  through  one  or  the  ftther  of  t« 


The  recorder  automatically  balances  the  resist-      motor    release    magnets.      A    brake    is   thi 
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Fig.  181 


Fig.  182. 
Tlier mo- Electric  Pyrometers. 


ance  of  the  pyrometer  by  resintances  in  itself. 
When  the  temperature  of  the  pyrometer  varies, 
the  balance  of  resistances  being  disturbed 
momentarily,  the  automatic  restoi'ation  of  the 
balance  causes  the  pen  to  travel  across  the 
166 


lifted  and  allows  a  motor  clock  to  pull  the  p< 
along  until  the  balance  is  restored,  thus  givii 
a  continuous  record  of  temperature.  Tempei 
ture  indicators  or  recorders  can  be  connect 
to  any  one  of  a  number  of  pyrometers  by  mea 
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and  plug-  A  Cal lender  i*©- 
djtistetl  to  .suit  a  particular 
ipemture.  By  means  of  zero  coil^; 
%  of   tempera  til  re   can  be  I'eadily 

iad  Recorder.  —  This  instrunient, 
len  recently  designed  and  patented 
pbridge  Scientific  Instrument  Co., 
a  essentially  of  a  delicate  recording 
r  ao  arranged  as  to  give  a  series  of 
^e  in»tantaDeous  deflections  of  a 
r  boom.  The  method  employed 
Ittntai^e  of  producing  continuously 
1  whilst  avoiding  pen-friction.  The 
t  boom  is  suspended  ov*er  a  paper- 
kn.  Between  the  boom  and  the 
led  tliread  h  stretched  parallel  to 
the  dnim^  and  at  a  short  distance 
krface.  A  prenaer-bar  is  situated 
ftlvanometer  boom,  the  bar  I>eing 
d  free  of  the  boom  by  means  of  a 
mlar  intervals  the  earn  makes  a 
p^  allowing  the  presser-bai^  to  fall 
ktn^  afterwards  raising  it  again  to 
pght.  As  the  presser-lMr  falls  it 
fiboom  on  to  the  drum,  nipping  the 
I  between  the  boom  and  the  paj^r. 
tid  has  a  knife  edge  on  its  under 
Ifijduces  a  dot  upon  the  paper  at 
intersection  of  the  botun  and  the 
biasing  ft  visible  record  of  the  in- 
leflection  of  the  gah'anometer.  The 
f  boom  is  hinged  ^o  that  it  can  be 
thout  bending  the  suspexision.  In 
betw*«*en  the  production  of  the  dots 
later  Ls,  of  course^  free  to  take  up  ita 
In  without  frictional  errors,  ITie 
>e  made  to  rotate  once  in  two  or 
hours,  and  the  Lustrument  can  be 
iiake  a  dot  every  minute  or  every 
I  The  instrument  is  designed  for 
n»erature  recorder  in  combination 
fj  Radiation  Pyrometer  deac rilled 

ri  be  used  with  thermo-electric 
The  cdockwork  mechanism  can 
l^re^  two  or  more  galvanometei* 
ktieously,  the  various  galvanomet-ers 
bed  to  different  thermometers.  The 
ined  are  entii-^ly  independent  of 
nd  the  thermometers  may  he  work- 


ing over  widely  diflerent  ranges*  If  by  any 
mishap  one  galvant>meter  or  thermometer  in 
damaged  the  others  ai*e  unaffected.  A  scale  for 
i-eading  temperatures  directly  is  fixed  on  the 
face  of  the  preaser-bar* 

Themio^elerArie  Pifr&ntster», — The^se  comprise 
essentially  two  fine  wires  of  different  metals 
or  alloys  which  are  f u^d  together  at  one  end, 
At  the  other  end  they  are  connected  through  a 
galvanometer-  The  fused  end  is  placed  in  the 
source  of  heat.  The  difference  in  temperature 
of  the  two  end.s  of  the  couple  develops  an  electro- 
motive force  which  is  roughly  proportional  t** 
the  difference  in  temperature.  The  couples 
used  chicly  are  of  platinum  and  rhodium,  or 
platinum  and  iridium.  Tlie  moat  satisfactory 
couples  ha\  e  been  shown  to  be  :— 

Platinum^  platinum  10  per  cent,  rhodinm  for 
temperatures  up  to  1,600°  Cent.  (2,912'  Fahr.). 

Platinuni}  platinum -iridium  for  temperatures 
up  to  1,400'  Cent.  (2,552"  Fahr.),  giving  a  more 
open  sicale  than  the  former. 

Copper-cons  tan  tan  for  temperatures  up  to 
SOO""  Cent.  {932°  Fahr,),  giving  a  very  open 
scale.  Iron -nickel  couples  are  also  employ  e*l, 
hut  are  not  grea^tly  to  be  recommended  owing 
to  their  want  of  dui*ability.  Electromotive 
force  is  usually  measured  directly  on  the 
galvanometer.  For  very  accurate  laboratory 
work  a  potentiometer  is  sometimes  employed. 
The  galvanometer  used  is  one  of  high  resist- 
anoe.  The  coil  carries  a  pointer  which  either 
moves  over  a  seiile,  or  is  flepi^esi^ed  by  means 
of  clockwork  mechanism  to  an  inking  arrange- 
ment, 9t>  printing  a  mark  of  its  position  on 
a  sheet  of  paper  wrapped  round  a  I'evolving 
drum.  Two  scales  are  pixjvided,  one  in  milli- 
volts  J  the  other  in  degrees.  The  galvanometer 
is  of  suthciently  high  x^sistance  to  [lermit  rif 
the  instrument  being  placed  at  a  e^ujsiderable 
distance  from  the  source  of  heat,  without 
retjuiring  bi>  uiake  allowance  fcir  the  resistance 
of  the  ctjnductiiig  wii'es.  The  end  of  the 
couple  which  is  farthest  from  the  source  of 
heat  must  be  kept  at  a  C4>nstant  temperatura. 
The  recorder  used  is  the  thread  recorder. 
The  galvanometer  boom  turning  about  its  axis 
is  depressed  every  minute,  or  half  minute,  as 
desired,  on  to  the  inked  thread  whence  tlie 
instrument  derives  its  name^ — which  is  forced 
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against  tlie  paper,  leavitig  a  small  mark  behind 
on  the  paper,  thc^  ink  being  ranewod  by  a 
winding  mechanisim, 

Th^  Fh'y  Radiation  Fifromete7\— In  the 
lesistaiiee  and  thermt>electrk!  tjrpeH  of  pyn> 
iwetery  just  described,  the  bulbj  or  the  couple 
must  acquire  the  tempemtui^e  of  the  furnace, 
or  blast  main  or  other  source  of  heat.  This  in 
often  open  to  objection  when  temjieratures 
higher  than  abput  1,200  Cent,  have  to  be 
measured  I  due  to  the  injury  which  the  instru- 
ment is  apt  to  siifler-  Hence  the  reason  for  the 
invention  of  the  radiation  tyy«  of  pyrometer  by 
]\L  Fery,  in  which  design  the  instrutneut  may 
lie  placed  at  a  considerable  distance  frt)m  the 
furnace,  and  no  part  nf  the  instrument  is  raised 


temperaturi*  of  the  iron  in  a  Tbrrtnit  tnnnW, 
2,500'  Cent.,  atid  that  of  the  sun,  o^-er  a,O0rt 
Cent. 

The  construction  of  the  Fery  ratliation  pp* 
meter  is  shown  in  Fig.  184.  The  heiat  nwlialiujn 
fall  upon  a  concave  mirror  in  the  in^truiuent. 
anci  are  thence  reflected  to  a  focus,  Thi*j  <*  f* « 
therniometi'ic  couple  in  tbi^  focus,  tJie  ttfiufiera 
ture  iti  which  is  raised  by  the  radiatkin  killing 
upon  it.  The  details  of  the  in»trumeul  ml 
the  methf^MJa  of  use  are  beat  given  in  the  w(»rd* 
of  the  English  manufacturers  of  t\w  trwtru 
nient,  the  Cambridge  Scientific  Instrument  Oi.^ 
Ltd.  :^ 

"  The  complete  outfit  consist4S  of  a  telescupr 
and  a  galvanometer  ;  fijced  within  the  teJe^nip^ 


Fig.  KH4-*  "Diagram  af  F6ry  Radiation  Pyrometer. 


above  the  temperature  of  the  aij*  by  moi'e  than 
80"  Cent  The  advantage  of  this  in  taking 
temperatures  of  metaJ  in  furnaces,  and  while 
lying  ill  1adlej3,  of  retorts,  and  other  vessels  is 
obvious.  Casting  temperatures,  for  example, 
hithei'to  judged  by  the  practisetl  eye  of  the 
foremen  for  pourifig  hot,  or  dead^  or  otherwise 
can  be  ascertained  by  simply  focussing  the 
pyrometer  on  the  liquid  metah  This  would  he 
impossible  with  an  ordinary  tube  pyrt^meter.  It 
lu%ii  been  found  that  the  reading  obtained  for 
the  temperature  fi^oni  a  Hti'eam  of  molten  ^teel 
was  the  same,  1,:200*  Cent.,  whether  the  instru- 
ment was.  «et  3  ft.  or  60  ft.  away.  And  the 
wime  instniuient  wa.s  used  for  ascertaining  the 


I 


at  a  point  upon  its  optic  ajtis,  is  the  junctioo  d 
a  copper-cons tantan  thei*i no-couple  ari'anged  hi 
the  form  of  a  ci^oss*     The  two  w^ires  are  atUa^itetl 
to  two  brass  strips  A  and  it  wldcb  are  atlJicheii 
to  the  terminals,  a,  L     Tlw  terniinnb  are  con 
nected  by   leads   to   the   galvanometer.      'Tiw 
radiation  from   the   hot   body  under  ob«erva- 
tion    falls   upon    the  Ciiticave  mirror  D  and  iN 
brought  to  a  ftni^us  on   the  ei>p|^>er-con£itAntim 
couple.      To   use   this  apparatus   for   mumMur 
ing  the  temperatun*  of  a  furmutet  «n  ol>scrT»- 
tion  bole  in  the  wall  of  the  furniiee  is  sighted 
through   the  eyepiccCi  the   image  of    thi^  hoJi* 
being  brought  into  ooijiuidence  with  the  thcttiKK 
junction.      It  in  ess<ential   thai   tha  iiiuig«>  of 
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itiiiii  hole  should  slightly  overlap 
Bctioii,  wliich  appears  to  the  eye  as  ii 
iisc  in  the  Centre  of  the  field  of  ^iew, 
adings  of  the  instrument  ure  then  in- 
lent  of  the  ai^je  of  the  observation  hole. 
lage  of  the  hole  m  reflected  to  the  eye- 
iy  raenns  of  two  iiiirrori*  placed  clojie  to 
iple.  These  tiiirrors  serve  for  the  adjust- 
if  focus  ;  they  are  ko  arrangeil  that  the 
of  the  hole  4ip|jear8  Xa.%  be  split  in  two 
which  I  inly  coincide  when  the  focuHsing 
Bct.  The  inwi^e  thus  formed  upon  the 
11  prodiiees  a  rise  of  temperature  which 
m  eat  pen  men  tally  to  be  proportional  to 
ount  of  I'adiant  energy  which  enters  the 
pe.  The  junction  acquires  exactly,  and 
freat  rapidity,  the  temperature  of  the 
but  in  no  case  doejs  its  temperature  rise 
•©  than  SO  Centigrade  degrees  al>ove  the 
heric  teinperature.  The  electromotive 
'hich  is  Uius  generated  is  measured  by  a 
sensitive  galvanometer  whose  scale  is 
I  and  figured  so  as  to  reai:l  temperatures 

\  adjust-able  diaphragm  isa  fitted  in  front  of 
aftoope  in  order  that  the  amount  of  radia- 
llingon  the  thermtHCtiuple  may  Ix*  varietL 
measuring  high  temperatures  the  dia- 
1  partially  covers  the  aperture  of  the 
and  the  temperature*  read  directly 
and  scale  of  the  galvanometer.  Tlie 
uperature  scales  ordinarily  divided  on  the 
Bter  are  appixiximately  600°  to  1,300" 
0°  to  2,000^  Cent/^ 
graduation  cjf  the  galvo-scale  is  based  on 
s  law,  which  expresses  the  relation  be- 
d:ie  temperature  of  a  body  and  the  amount 
unt  energy  whieli  it  emits,  as  follows  :— 


**  The  radiant  energy  emitte<i  by  a  furnace  or 
black  b«xJy  is  proportional  to  the  fourtVi  power 
of  the  absolute  temperature  of  the  l3*3<iy/' 

To  enafcre  correct  measui-ement  it  is  only 
necessary  that  the  image  of  the  hot  body  shcmid 
be  of  sufficient  size  to  overlap  the  the r mo- junc- 
tion on  all  sides,  and  that  the  hot  body  should 
be  at  least  as  large  in  diameter  as  the  mirror  of 
the  telescope.  It  is  found  in  practice  that  the 
diameter  of  the  hot  body  or  fur*nace  aperture 
should  ixvughly  measure  as  many  inches*  as  the 
distance  from  the  hot  body  t4>  the  telescope 
meaiiiires  yards,  i.e.,  the  aperture  should  be  in 
diameter  about  one-fortieth  of  the  distance  the 
pyrometer  is  away  from  the  hot  body.  The 
instrument  can  be  used  for  the  measurement 
of  temperatureJ3  from  600*  Cent,  upwards. 

Th^.  Fi'Tif  Ahmyt'ption  Pt/r  a  nutter. — -Another 
type  of  Fcrj^  instioiment  is  an  improved  form 
of  the  original  optical  pyrometer  of  Le  Chatclier. 
It  can  be  usefl  where  the  radiation  instrument 
cannot  be.  It  comprises  a  telescope  whicli 
carries  a  small  comparison  lamp  attacheil  to 
otie  side.  The  image  of  its  flame  is  prcijected 
on  a  mirror  set  at  45'  with  the  axis  of  the  tube 
and  in  the  principal  focus  of  the  telescope.  The 
miri*or  is  silvered  only  on  a  narrow  vertical 
strip.  The  telescope  is  focussefl  on  the  object 
the  temperature  of  which  it  is  desired  to  measure, 
the  object  being  viewed  on  each  side  of  the 
silvered  strip.  A  pair  of  absorbing  glas^ 
wedges  are  placed  in  front  of  the  objective  of 
the  telescope,  and  these  move  laterally  by  mea;ns 
of  a  micrometer  screw  until  the  light  from  the 
object  under  obse  nation  is  made  photometrically 
equal  to  that  emitted  by  the  standaixi  lamp. 
A  table  provided  converts  the  readings  obtained 
into  degrees  Centigrade. 
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Quadrant. ^ — Tn  geometry  is  the  fourth  part 
of  a  circle^  or  90*.  In  ens^ineering  the  swing 
plate  which  carries  change  gears  is  termed  a 
quadrant  plat«*  The  notched  plate  for  reven?- 
iug,  and  other  levers  is  altso  a  quiuJrant  plate. 

QuadrilateraL — A  quadrilateral  tigure  is  one 
Dounfled  hy  four  straight  lines.  Of  the  bix  kinds 
I  if  quadrilaterals,  four  (square^  rectangle,  rhom- 
huB,  rhombtJid)  are  ParallelograniS-  Tlie  re- 
uiaimng  two  are  the  Trapezium,  which  has 
none  of  ita  sides  pamllely  althcmgli  some  of  the 
sides,  and  some  c^f  the  angles  may  be  equal  t4> 
each  other,  and  the  Trapezoid)  which  has 
two  of  itH  sides  parallel,  and  some  of  the  sides 
and  the  angles  may  he  equal  to  each  other. 

Quadruple  -  Expansion    Engines.— *f«« 

Compounding^  for  the  prineiple.  These  re- 
present the  latest  stage  of  compound  engines, 
and  they  are  used  successfully  on  the  hirgest 
hners.  The  arrangement  of  cylinders  Taries. 
In  the  engines  of  tlie  Kauer  WUhelm  II.  the 
idgh  -  pressure  cylinder  is  placed  above  the 
first  intermediate.  Alongside  is  the  seetmd 
intermediate^  followed  by  the  low- pressure.  In 
tlie  Kroftprifiz  W  ilk  elm  and  the  Deut&chland 
and  in  the  Si  Paul  and  St  Lo%m  tliere  are 
six  cylinders.  Borne  dimetisians  are  gt^^en 
l^low. 

Si  Paid  and  St  Louw,  six-cylinder,  quadruple- 
expansion  engine,  four  eranks-  Two  cylinders 
of  28  in,j  one  of  55  in*,  one  of  77  in.,  and  two 
of  77  in.  Piston  stroke,  60  in.  Steam  pi^es- 
sui-e,  2Q0\K     I.H.P.  18,000. 

DeiiUcMufid^  six-cylinder  quatlruple-expan- 
sion,  four  cranks.  Two  cylinders  of  36*61  in*^ 
^3-6  in.,  103*9  in.,  two  of  106-3  in.  Piston 
str<ike^  72-8  in.    8team  pn?a.sui«e»  220  lb.     LH.P, 

:^6,oo^}. 

Kronprif}^  IVUhdrrtj  two  sets,  aix-cyliiKler^ 
quiwlruple-expansion,  four  cranks.     Two  cylin- 

ilerw  i^f  34 "2  in.,  one  of  GS"t^  in.,  one  of  98*-! 
in.,  two  iif   102 -3  ui.     Piston  sti-oke,  70*8  iw. 
iiU*iim  preivmin.\  213  IK     I.H.P.  36,000. 
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Kai^*'r  WilhHm  IL,  four  fcts,  four-cyiiiidiT. 
quadruple-expansion,  six  cranks.  Four  crliis 
dera  of  37 '4  in,,  four  of  49*2  in,,  four  of  74'#*  in, 
four  of  112*2  in.  Piston  stroke,  70'M  in 
Steam  pressure,  225  Hx  LH.P.  38,000  Ui 
40,000. 

Quarry  Cranes* -- A  special  type  of  fiaed 
crane  is  used  in  stone  quarries.  It  is  s  tri 
angular  framed  crane,  f^onipnsjng  post',  borizontal 
jib,  and  diagonal  strut,  all  of  timber.  It  ii 
pivoted  at  top  and  bottom  to  alew  roiiod  a  cirt^lr. 
The  hand  gears  ai^e  earned  in  eajst-in>n  chwk» 
btilted  to  the  strut,  the  chain  passing  ovpr  » 
fixed  pulley  at  the  jib  end*  Tt  is  a  dwaHeil 
type  of  crane  suitable  for  location  unclr^ 
ground.  Ordinary  dernck  cranes  are  also  used 
in  quarries^  and  portable  hand  ci*anes. 

Quart — The  fourth  part  of  a  gallon.  A 
quart  contains  69^"^^  cub.  in,,  and  weighs  2*5  It 
One  litre  =  *88  quail,  and  1  quart  =  1*135^ 
litre. 

Quarter  Bend.— SVr  Bend  Pipes 

Quartering:  MachJne^    yuarteringdieoot€» 
the  operation  of  boring  the  cifinkpin  hole«  in 
locomotive  driving  wheels,  at  right  angles  witJi 
each  other,  and  the  quartering  machine  ti  a 
special  type   evolved  for  this   purpoia     TIr 
construction    includes  a    he<l-plate»    on   whicb 
are   mounted   two   heads,   fitted    ^Wth    borini; 
j^pindles,  and  fMjint  centre?*  for  Hup}:iorting  tlw' 
axle  on  which  the  wheels  are  fastened.     Tlw* 
distance   fiom  the  centre  of   the   .spindlm  l*" 
the    erankpin    centres    m    adjustable,    to   suit 
the  throw  being  dealt  with^  and  the  head*  a^ 
a  whole  are  movable  along  tlie  bed^  %o  aooooi* 
tu*xlate    varying   leiigtlist  of  axle**.      Fig.    ISft. 
Plate  XIIL,  illustrates^  a  quartering  machine «ii 
mitting  7  ft.  wheels*  and  D  ft.  lx*lwe%*n  oojilres- 
The  treads  of  the  wheels  arc  suj*p<jrt€d  by  block*  * 
on  adjustable  slides  on  the  bcd«  so  that  tbtfV 
are  quite  rigid  dm'ing    the    1  >- 
Cranks  from  6  m.  to  13  in.  ran 
with  by  the  b<*nng  spiudlai,  which  an*  aiijiist 
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irertically,  the  other  horizontally ;  the 
Bing  effected  by  belt  pulleys,  bevel 

worm  gear,  the  worms  being  made 
,  80  that  the  lateral  position  of  the 
des  does  not  interfere  with  the  drive, 
idle  can  be  fed  by  hand,  operating 

spur  gear,  by  which  a  pinion  drives 
b  on  the  body  of  a  sleeve  encircling 
3.  The  self-acting  feed  is  arranged 
Tom  spur  wheels  next  to  the  main 
orm  wheels,  thence  to  the  shafts  of 
wheels  which  are  employed  for  hand 


tcr  -  Twist 
S90  Belting. 
;. — Quartz  is 
d  silica  or 
dde,SiO.,.  It 
ific  gravity  of 
\  harder  than 
ding  seventh 
scale.  It  is 
used  as  a 
for  glass  in 
Coloured  by 
it  goes  under 
of  amethyst, 
,  and  occi- 
phire  and  em- 
iartz\eins  are 
rich  in  gold. 
ids  of  quartz 
weight  of  50 
square  inch, 
ads  are  made 
ig  quartz  in 
^drogen  blow 
i  drawing  it 
>ng  filaments. 
Truss.— *S«<? 


movement  of  a  machine  table  daring  the  non- 
cutting  stroke,  and  by  which  the  time  lost 
thereby  is  lessened.  There  are  several  methods 
by  which  this  is  effected.     The  simplest,  and 


Fig.  186.— Quick  Return. 


Fig.  187.— Quick  Return. 


— The  term  signifies  a  radius  which 
latively  to  other  radii.  Thus  a  quick 
ne  which  is  more  convex  than  a  flat 
L  quick  curve  similarly. 
illl€. — Calcium  monoxide,  CaO,  caus- 
er Lime,  is  obtained  by  heating 
tC  of  Lime  (limestone)  in  kilns,  the 
eid  escaping. 
Return. — Relates    to    the    i*etum 


one  which  is  very  commonly  adopted,  is  to  have 
two  sets  of  belt  pulleys.  Fig.  186  ;  a  large  pair, 
fast  and  loose  for  the  driving,  with  a  crossed 
belt,  and  another  pair — smaller,  driven  with 
open  belt  for  reversal.  Another  device  is  that 
of  a  pair  of  bevel  wheels,  larger  and  smaller  in 
the  proportion  required  for  driving  and  return, 
Fig.  187 ;  the  pinions  being  driven,  one  by  a 
sleeve,  the  other  by  a  shaft  passing  through 
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the  uleeve  from  the  usual  tfombination  of  thi'ee 
pulleys,  two  fast,  flanking  a  central  loose  one. 
In  Fig.  187,  A  is  a  ftist  pulley  on  the  sleeve  n, 
iliiviog  geaiii  c  to  rack   pinion  whaft,  or  thf 


Fig.  im—C^iick  Return. 

st^rew  D.  K,  ii  ftiJit  pulley,  driven  the  yliaft  K 
and  mitres  o  to  ik  The  fast  pulleys  are 
4riven  by  an  i»pen  Ix^lt,  ;inil  when  this  ik 
.shifted  m\  Ui  either  driving  pulley  tfie  middle 
pulley   n    ruiiH   hMJse,     ^fljiH  hay  been   u^ied  tti 


a   eoiiPiiclemble   extent    on    planing    nifirbinw 
In  the  regular  stanrkrd  planing  inaehini'  dnw 
as  M^f^A  afernatively  to  Fig,  18fj,  thr  .' 
mentB    ar'e    a^    repreiiented    in    the   dia^..,,.. 
Fig.  1*^8.     In  each  »  single  upm 
belt  is  used,  drinng  fi  pulley  <m 
a  nlt^ve,  the  trint-r  one  «  in  tJm 
figurea,  aho  a  pulley  \,^x^  on  « 
^haft   which    g«>ei5    thmiagh   tin- 
sleeve,  the  tmter   one-  h  \%\  tlip 
figures*  ;     and     a    central    Ifioie 
pulley,  c,    when   the    machuir  in 
standing  idle,  or  at  tht^  hi^tunt 
of    reversal    nf    the    belt.      Tbr 
arrowK    nihow    the    diri*<*tifm   *rf 
rotation  tif  the  gears  corrfS|Kiiiii 
ing    with   forwaj\l    dn\  iiig  iin<l 
quick  I'cturn^  the  gears  Ictterftd/ 
being   for  driving,    tliosc  r  fir 
return,    r    indicating    the  rack. 
In  Fig.  188  (a),  tlie  outer  jmllar 
ft  on  the  shaft  >*  drives  the  wheels 
marked  /,  as   indicated   by  lb? 
arrowa  in  full  lines,  for  ctitlini?. 
The  inner  pulley  a  on  the  slecr© 
s   drives   the   wheels  marked  f, 
in    the    direction    indicjit^l   by 
the   dotted    arrosv^j    fur    return. 
At  (b)  the  arrangement  \%  identi 
cat,  only   the  gears  are   IcMmte'i 
snugly  t^>  bring  all  of  thc*ia  ex- 
cept the  rack  pinion  outside  fcfci^ 
bed.    In  (c)  the  pulley  h  on  shift 
s  drivcF?  the  gear??  mnrk^Hl  /,  aiJ»* 
being  an  iiMer,  and  the  palley  " 
on  the  sleeve  s  the  gearn  r. 

It  is  &een   that  asstimtng  the* 

pinions   ai^    of   e<|aal   eaxt%   Ui^ 

diflei^ncc  in  the  rate  of  drinng; 

and  return  i.s  due  to  the  pn>por' 

tion  whicli  the  diameter  of  ti»* 

large  wheel  be*irs  to  tliat  of  the 

pinions,     ThedilTerence  Ijptir^'W 

the  two  setH  of  geai^,  (a)  aiid  (b|» 

is  simply  that  of  arrangement 

In  the  first  case  Iwdf  the  wheel*  ar**  sitimlfsd 

within  the  bed^  aa  was  the  comtuot]  priMrtio^ 

fi.iw   years  since.       It  i ji t oh  es  running   tbi' 

right    biick   when    injipection    tir    tt*piur& 

For  thift  re*4^/fj  th^  ^kxmtmsfi- 


a 

table 

have  t-o  be  dune. 
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of  (b)  is  generally  adopted,  in  which  the  A   quick    return    of   this    kind    applied    to 

the  rack  pinion  excepted,  are  all  situated  planing  machines  is  illustrated  in  Fig.  189.    The 

le  the  bed»    A  different  design  is  shown  in  pinion  A  drives  the  wheel  B,  with  uniform  rate 

16  result  being  the  same.  of  rotation.     But  the  connecting  rod  c  drives 


quick  return  is  used  on  shaping  machines  the  table  D,  slowly  on  the  cutting  stroke  in  tlu» 

hich  the  tool  is  reciprocated  by  a  rigid  direction  of  the  arrow,  and  rapidly  during  the 

Shapers   having  a   stroke   of   0    in.   or  opposite  or   return   stroke.      This   is  effected 

ire  not  usually  so  fitted,  but  those  with  through  the  link   K,  which  is  pivoted  to  the 


Fig.  HN).— Quick  Return. 


68  of  about  ^^  in.  and  over  are.  In 
ink  ])laning  machines  having  table  move- 
8  from  say  1  ft.  6  in.  to  H  ft.,  a  rigid  lever 
xi  with  a  link  type  of  quick  return. 


machine  framing  at  (f,  and  which  receives  a 
i-ocking  movement  round  a  from  the  rotation 
of  the  wheel  b.  Tliis  is  effected  by  the  con- 
nection of  the  die  block  f  with  b,  to  which  it 
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is  attached.  The  connection  is  made  by  a  screw 
G,  by  which,  too,  the  radial  position  of  the  boss 
F  in  relation  to  the  wheel  b  can  be  altered,  and 
the  length  of  stroke.  In  the  position  shown 
the  proportion  of  cutting  and  return  stroke  is 
as  the  radius  6  is  to  c.  Bringing  the  block  f 
nearer  to  the  centre  of  the  wheel  would  alter 
this  rotation.  Identical  mechanismr  is  put  on 
many,  probably  most,  shaping  machines. 


ii't^H^r/rr^tC  TlftH  ff*  ^■ 


lever,  and  its  eccentric  position  in  relation  to 
the  wheel  brings  the  centre  of  attachment  d 
the  connecting  rod  nearer  to  and  farther  from 
the  centre  of  the  wheel  in  the  course  of  tbe 
rotation  of  the  latter.  The  driving  is  effected 
by  a  pin  in  the  face  of  the  wheel,  which 
enters  and  slides  in  a  slot  in  the  crank  in  tbe 
end  opposite  to  the  point  of  attachment  of  tJie 
connecting  rod.     The  latter  is  in  a  slot  with  & 


Fig.  191.— Quick  Return. 


Another  design  of  quick  return  due  to  Whit- 
worth  is  not  so  often  used,  as  not  being  quite 
so  simple  as  the  link  design  just  shown.  As 
l)efore,  a  spur  wheel  is  driven  by  a  pinion  at  a 
uniform  rate.  The  wheel  rotates  on  a  sleeve 
large  enough  to  permit  of  the  passage  of  a  shaft 
set  eccentrically  therein,  which  shaft  carries  a 
slotted  crank  from  which  the  connecting  rod  to 
the  table  receives  its  motion.  The  crank  is  a 
174 


screw  and  die  block  to  permit  of  altering  the 
length  of  stroke. 

Another  form  of  quick  return  which  has  been 
applied  to  some  small  shapers  is  more  direct  in 
action,  though  not  so  compact.  The  die  block, 
driven  by  a  pin  fixed  in  the  face  of  the  spur 
wheel  without  any  range  of  adjustment,  slides 
in  the  slot  of  a  long  lever  pivoted  in  the  fram- 
ing of  the  machine,  between  the  wheel  below  and 
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.  ram  above.  The  top  end  of  the  lever, 
^  moves  at  different  rates  for  cutting 
nm,  because  the  die  block  is  farther 
om  the  pivot  on  which  the  lever  is  centred 
the  cutting,  than  it  is  during  the  return 

As  the  top  end  of  the  lever  moves  in 
if  a  circle,  an  oscillating  connecting  link 
ts  its  movement  to  the  tool  ram. 

methods  of  producing  quick  return, 
th  a  link,  and  that  with  a  slotted  crank, 
lied  to  slotting  machines.  Fig.  190  shows 
»r  as  applied  to  one  of  the  Greenwood 
ey  machines.  In  this,  the  pinion  a 
the  wheel  b  which  runs  loosely  on  the 
:;.  A  pin  and  die  block  d  connects  it 
crank  disc  e,  by  which  the  shaft  f  is 
and  connected  to  the  slotting  arm. 
;he  die  block  d  is  in  the  position  shown, 
rarest  the  centre  of  the  shaft  f,  and  is 
re  moving  quickly.  On  the  opposite  side 
liameter  its  movement  will  be  slowest. 


Another  device  is  that  of  elliptical  gears, 
shown  in  one  of  its  designs  by  Fig.  191  as 
fitted  by  Messrs  Greenwood  k  Batley  to 
some  of  their  slotting  machines.  A  pair  of  spur 
pinions  are  set  eccentrically,  and  above  are 
two  segmental  gears  in  one.  One  portion  has 
its  pitch  line  in  an  arc  of  a  circle,  the  other  as 
a  portion  of  an  ellipse.  As  one  pinion  comes 
out  of  gear  with  its  segment,  the  other  engages 
with  the  other  segment,  so  providing  the 
elements  of  slow  cutting  and  quick  return  due 
to  the  difference  in  radii. 

QuicksUver. — See  Mercury. 

Quill.  —  A  hollow  shaft  through  which 
another  shaft  passes,  so  providing  for  two  dis- 
tinct motions  around  one  axis. 

Quintal. — A  metric  weight  equal  to  100 
kilograms,  or  10  myriagrams,  and  therefore 
containing  100,000  grams.  Its  British  equiva- 
lent is  1  cwt.  3  qrs.  24  lb.  7  oz.  6*3  drams; 
or  220-49  lb. 
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Rack-  — A  straight  ;yfear  which  Ls  drivtfji  by, 
r>i*  1 1  rives  ii  wheel  or  pinian.  The  rack  \\^&  an 
interest  besides,  due  to  its  pnw;tiea!  application 
in  thf  fact  that  it  is  the  basis  of  all  gear  whet^l 
tooth  curves.  Being  regaixied  an  a  wheel  of 
itiiinite  radius,  its  tooth  nhapi'S  are  made  tiie 
lwisi«  of  tfcrieratiori  for  the  teeth  of  a3!  wheels 
iif  the  same  pitch,  prtH.nsely  as  though  these 
t^eth  wei-e  cut  or  Tuoulded  by  the  rack,  the 
wheel  blanks  rotating  as  if  in  engage njent 
with  the  rack  teeth.  The  angle  of  the  rack 
leeth  deterTJ lines  the  curves  of  the  wheel  teeth ^ 
and  the  angle  of  75"  is  that  usually  taken,  the 
objeetion  to  a  higher  degree  of  obliquity  being 
the  steep  diagonal  thi^utiit  bet  wee  r»  the  teeth - 
Far  .simplieity,  also,  the  rack  teeth  have  sitraight 
Hanks  in  the  involute  system*  **•*  gen  em  ting 
single  curve  wheel  teeth.  An  advantage  of 
the  generating  niachinas  in  which  gears  are 
eut  on  the  basis  of  the  rack  is  that  every  w*heel 
haw  absolutely  ci>rrect  t4X)th  forms,  which  is 
not  the  ease  when  a  set  of  cutters  is  used. 

Th€  Forms  r/  Racht,—T\\^»^  intiy  have  tt-etli 
straight  aen>ss»  «ir  sijuare,  as  when  working 
with  spur  pinions  and  wheels,  which  is  the 
comnnjnest  form.  When  the  teeth  are  set 
diagonally— tts  in  spiral  racks— they  may  be 
designed  for  engagement  with  a  spiral  gear»  or 
with  a  worm  gear,  A  spiral  wheel  %vill  also 
work  with  a  sti^sight  rack,  in  whioh  case  it  is 
bettt^i"  to  make  the  rack  t>f  concave  section  to 
hug  tfie  stirew  like  a  worm  wheel.  8ueh  a 
raek  in  a  wornj  whf?el  of  infinite  radius. 

Manufncture  of  Knck^.  -The^_*  are  c^ist  from 
patterns,  or  more  generally  cut  on  an  ordinary 
macliino*  or  on  simie  milling  maehineB.  For 
making  nuaniitie*i  tlici'e  an*  also  sj>ecial 
machines.  Also  a  nufub«»r  of  racks,  from  half 
a  dosic^n  to  a  dozen,  may  be  arrangeil  side  by 
iftidc  and  cut  at  one  scttin^^  Furtlier,  inste^wl 
of  a  -^ingli*  euHt%  from  three  to  a  dojtc^n  can  lie 
iiwed  operating  at  once  aci*oas  a  uumlH*r  of 
racks* 
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Racking^  Gear. — A  ternj  which  tlt-nnxi^ 
the  niet4ianisin  by  which  the  bkick  cama^  tr 
jenny  of  a  long  armed  (u*ane  is  travelled  ti>atui 
fro  along  the  horizontal  jilx  It  compnw?*  tin 
chains,  or  wire  rof»e8,  and  their  pulleys,  whidi 
may  be  acttiateil  by  any  ageiicio8  applied  U» 
cranes,  as  steiim^  or  elect lucity. 

Rack  Locomotive.  —  A  locoimitivedesigiiwi 
ftir  working  up  the  steep  gi-adtents  of  mmxi 
Uiin  raiJways,  fur  which  the  adhesion  of  siDootl) 
iiiils  would  be  insuthcient.  There  an*  tuv 
sywt^^ms  ;  one  in  whi<»h  the  teeth  of  the  mck 
standi  in  a  horizontal  plane,  the  spur  wbo 
gearing  with  it  having  their  axlew  horirjumti 
the  other  in  w^hich  the  te^th  ai*e  vertical, 
the  wheels  have  their  axes  vertical*  Tlie  i 
in  this  case  are  in  pairs,  one  mi  \hw}i  dde  i 
centr'ftl  rack  mil.  It  wa^  ar  lop  ted  on 
Mount  Pi  tat  us  liaitway,  l>ec^uae  wheu 
ordinary  rack  was  tested  on  a  length  of  fij 
the  pinion  rose  out  of  gear  when  the  full  ^\] 
was  put  on  it,  Tlii«  waa  due  to  the 
incline,  which  is  in  some  pfvrts  480  f»er  Ij 
or  I  in  2  08,  by  which  the  action  of  gravit 
much  diminisheft  The  steepest  parte  of 
Vitznau-Rigi  line  do  nf>t  e^r^eed  250  per  1»0 
or  1  in  4,  and  heiie  the  onli  nary  rack  issuit«ljj 

A  system  which  is  init  in  use  now  was 
endless  screw,  and  triangular  rm*k.     In  thii 
drum  revolved  wuth  the  wheel  axles  afid  gejo 
into  A  shaped  teetli  fixed  to  the   sleepers 
tween  the  rails*     On   the   trial  tJnji  the 
mounted  the  rack,  and  the  train  ran  di»wn, 
fatal  resultjs. 

Many   rack    UM.'timc>tives    arc*    *>f    conihiii 
iifiliesiiMi  and  rat^k  type.     Tht*n*  j^  eiHint^mv] 
thiH  design  in  nionntain  ranjTe^i  when  ^{_HTe(]| 
of  little  account,  liecauee  the  i^mt  of  con»tn 
tion  is  often  gi^eatly  le^tseiied.     On  such  Hfj 
it   is  uhuhI    t-o    lay  out    the   gradient ta   Uj 
worked   by  adhe.sion   fnjui   2^   to  5   |>i'r  m 
and  thoNc  for  rack  working  up  to   Ul  or  I  li  j 
4\Mit.     The  following  give  pHrticular^  of  e<i 
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aion  and  rack  locomotives  used  for 
Pass  Railway.  They  measure  8*6 
28*2  feet  in  length  over  all ;  and  2 
1*56  feet  in  width.  They  have  three 
kesion  wheels,  two  pinion  axles,  and 
railing  axle.  The  total  weight  is 
)ty,  and  30  tons  full,  which  includes 
water,  and  4  tons  of  fuel.  The 
Fe  two  outside  cylinders  for  adhe- 
les  for  which  are  coupled ;  and  two 
for  the  pinions.  The  following  are 
dimensions  of  the  engines : — 

\  surface     - 


70  scj.  m. 
1  nie  sq.  m. 
12  atmos. 


esion  cylinders  -  34  cm. 


lesion  pistons 
ion  cylinders 
ion  pistons 
esion  whcek 
ion  wheels 
M)[  wheel  bodti. 
)f  adhesion  driv- 

\i  pinions   - 

bd    per    pair    of 

'heels 


4o  cm. 
30  cm. 
3«  cm. 

m  cm. 

4  3dm. 

2-34  ID. 
1*17  m, 

8  tonsil 


735  sq.  ft. 
13-56  sq.  ft. 
176  lb.   per 

s(£.  in. 
13-37  in. 
17-16  in. 
11 -80  in. 
14-16  in. 
31  -40  in. 
27  14  in. 
14 -i*Hu 

7-67  ft. 
3*84  ft. 


have  a  range  of  movement  of  about  4  in.  or 
5  in.,  which  movement  is  cushioned  by  springs. 
In  Mr  Webb's  design  coiled  spiral  springs  in 
the  centre  of  a  spring  frame  act  on  the  boxes 
through  rods  around  which  the  springs  are 
coiled.  The  spring  frame  and  the  guides  are 
rigid  with  the  framework  of  the  engine,  and 
except  for  their  capacity  for  radial  movement 
the  axle  boxes  and  journals  are  of  the  ordinary 
kind.  When  the  engine  enters  a  curve,  say 
to  the  right  hand,  the  flanges  of  the  leading 
wheels  draw  the  boxes  to  the  right.  The  axle 
on  the  right-hand  side  is  thus  brought  nearer 
to  the  driving  wheel  behind  it.  The  trailing 
wheels  take  on  a  similar  position,  and  thus  the 
leading  and  trailing  axles  become  radii  of  the 
curves  they  are  running  on,  with  the  wheel 
flanges   tangential   to   the  curves.      The   axle 


Axle   Box^  —  A 

!  originally  to  jVIr 
L863,  for  iiwiiating 
^nts  of  leading  and 
1^  of  locomotive 
•v€fi,  to  avoid  the 
pd  axleB  on  a  long 
It  is  not  used 
having  been  stjper- 
e  bogie  truck, 
al  boxes  are  free  to 
ally  in  a  curve  of 
iSy  the  centre  of 
the  centre  of  tlie 
adjacent,  and  they 


^i^y 


/\ 


\/ 


Fig.  192.— Radial  Drilling  Machine.     (John  Stirk  &  Sons,  Ltd.) 
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boxes  move  freely  in  tlie  lateral  direction, 
accomiufHiatiiig  themselves  to  the  varying  curves 
of  the  railn. 

Radial  Drillitig  Machine. —Thiii  i.^  the 
most  w^ful  type  of  drilling  machine  for  general 


Fig.  193,— lUdial  Dnlliiig  Mftohinp,     (iCriUrged  Section.) 


work,  and  the  most  ooii\enient  for  operation. 
Instead  of  having  to  shift  the  work  about,  as 
in  a  fixed-spindle  inaehme,  tlie  radial  arm  and 
the  saddle  combined  give  provision  for  moving 
the  spindle  about  to  any  position  with  little 
effbrti  so  tliat  iv  piece  of  work  uau  be  placed 
on  the  table^  or  the  plate,  and  a  number  of 
holes  drilled  in  it  withoat  further  setting. 
ITS 


A  larger  capacity  or  swing  ean  nlro  I* 
obtained  by  the  use  of  a  projecting  urtn,  k* 
that  objects  tw>  bulky  to  1^  put  im  la 
ordinary  pillar  drill  are  accortiiii<Kljit<«il  lai 
a  radial.  There  are  three  niain  typ«i  if 
radial  machines :  ( 1 )  Tliose  witli  tli* 
ann  caflt  integral  with  a  s*jcket  tittini 
over  a  pillar,  on  which  the  ^nnk^  n 
revolved  to  ^nwing  the  arm  ;  (2)  \\\sm 
with  trannions  standing  at  right  uti^rlf* 
to  the  arm,  and  fi ttetl  in  ilividt^ii  bi«r- 
ings  on  a  vertically  adjustable  4Ule; 
and  (3)  tho^  in  which  a  Inrge  ttirmd 
pillar  receives  the  arm,  fitting  bf  % 
divided  socket,  providing  fi>r  n  coiij- 
plet-e  turn  around  the  pillar*  TV 
drilling  spindle  in  every  case  is  carried 
in  a  saddle,  movable  across  the  fair  <i 
the  arm  \  sometimes  provision  is  inrtir 
porated  for  angling  the  spindle,  but  \\ 
is  usually  considei'ed  preferable  to  mr 
an  angular  table,  that  is  one  which  cui 
be  tilted  by  worm  gear  to  set  the  work 
to  any  angle*  Machines  of  clitss  {2) 
are  constructed  to  g<i  against  n  w&ll 
when  this  is  desirable,  the  caf^s 
forming  the  trunnion  bearings  littiRg 
direct  on  to  the  walh 

Fig,  192  gives  a  side  elevation  nf  a 
3  ft,  fi  in.  high-speed  radial  drill,  of  tb* 
class  first  mentioned  above ;  tiie  anu  i 
is  cast  in  one  with  a  socket  fitting ovit 
an  internal  piUar,  an  elevation  of  12 
in,  being  effected  by  worm  gear  b,  and 
rack.  The  bos  base  ct  ha**  tee-slut'j  on 
the  top  and  sides.  The  driving 
effected  through  the  fast  and  1< 
pulleys  at  n,  in  connect i«>ti  with 
geai*  box  k,  by  which  nine  chatigeii  an' 
prorluced*  A  shaft  from  the  lK*it  p«Aw* 
along  to  mitre  geaoi  F,  driving  a  orotiul 
vertical  shaft  within  tlie  pillar,  and 
tlience,  tlu'ough  mitre  gears  G  at  tli 
splined  abaft  u  by  wiiich  the  moLiou  - 
to  the  drill  t^indJe.  A  no&t  of  bevel  gr*r&  at  i 
drives  a  short  vertical  shaft.  K  (see  \h-  •'  •-«»-, j 
section,  Fig.  193)  iu  eitht^r  direction  ii| 

on  whether  the  elatch  to  nght  «  ^q 

in,  by  moving  the  le%*f^r  L.     A  "Ji 

is  rcpi'esecited  in  Fig.  W\  but  a  pomtivis  drivi» 
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in    the    later    raaclunes    by    claw 
Fig,  192, 

n  K,  spur  gears  transmit  the  power  to 
ill  Jipindle  M.  There  are  two  sets  of 
!f  and  o,  N  being  single — with  an  idler, 

double  ge^r*  s^  affording  two  i*atios, 
Jig  tu  the  p4>i^ition  of  the  claw  clutch 
M  by  the  handle  g,  engaging  with  teetli 

^feces  of  the  spurs,  which  have  sleeves 
ing  the  Bpindle  so  that  there  is  no  side 
on  tl»e  latter, 

spindle  is  counterbolancefl  by  a  neat 
anient  wliich  includes  an  annular  weight 
ng  threes  chainw  passing  up  over  pulleys 
wn  though  the  hollow  easing  to  an  eye- 
t  the  top  of  the  spindle  extension  ^. 
ethod  gives  a  perfectly  central  pull,  and 
igbt  is  Txot  lop-sided  as  when  it  is  placed 
side  of  the  spindle.  The  portion  8  has  a 
I  one  side,  through  which  the  down- feed 
ted^  s  pressing  on  anti-friction  wa^shers  in 
tidle  M,  The  rack  is  engaged  by  a  pinion 
the  latter  is  rotated  by  a  train  of  gears 
etuated  by  the  hand- wheel  v,  turning  at 
either  a  womi  gear  for  a  slow  motion,  or 
id  bevel  gears  at  u  for  a  quick  motion ; 
indie  of  V  is  mountetl  in  an  eccentric 
which  can  be  partly  revolved  by  a  handle. 
»ject  of  thia  is  to  engage  either  of  these 

rid  also  to  thi'ow  a  worm  wlieel,  seen 
v,  into  engiigement  with  a  worm  l>e- 
1,  driven  from  a  ne^it  of  spur  gears,  con- 
from  the  spindle  gear ;  four  changes  of 
e  obtained  by  moving  the  small  lever  w 
I  quadrant.  The  s*iddle  x  carrying  all  this 
dsm  is  racked  along  the  arm  by  a  star 
T,  and  locked  in  position  by  z,  which 
p  a  pad  pressing  on  the  edge  of  the  arm. 
take-up  strip  bears  on  the  top  edge,  and 
sted  by  a  short  rack,  and  a  pinlonj  the 
ieing  locked  by  a  lateral  screw*, 
iU  of  the  gear  box  are  given  m  Fig,  194. 
Dtiofi  shows  the  fast  and  loose  puUej's, 
rt-namedp  .4,  driving  a  sleeve  on  which 
pulley  runs.  This  sleeve  is  carried 
ie  box,  and  has  keyed  on  it  spur  wheels 
nd  P,  engaging  w*ith  loose  wlicels  D,  E, 
on  a  flhaft  f,  with  gears  i;  and  h  fitted 
,  and  gear  s  keye<l  to  f,  and  meshing  w4th 
J,  Kj  iind  R,  on  a  shaft  running  freely 


inside  the  driving  sleeve*  The  end  of  this 
shaft  is  provided  with  a  key  to  take  the  mitre 
gear  on  the  end  dri'ving  the  vertical  shaft 
within  the  pillar.  Clutches  L  and  M  sliding 
on  bushes  keyed  to  the  shaft  f  enable  the 
respective  geai-s  to  become  engageil.  When 
the  clutches  are  in  mid-position,  the  slower 
running  gears  Q  and  r  come  into  operation* 
These  gears  carry  a  ratchet  arrangement,  as 
shown  in  the  enlarged  detail,  Fig,  194.  The 
clutch  teeth  on  wheels  n  e,  o  and  h  are  of 
steel,  sci^wed  on.  The  handles,  N,  o,  fitted 
with  spring  locking  plungers,  can  each  be  set 
in  three  positions  and  a  variety  of  changes  are 
produced,  according  to  the  relative  positions. 
The  speed  chart  below  gives  the  results  obtained 
and  is  to  be  read  in  conjunction  with  the 
drawing.  Fig.  192, 

Spkeo  Chart  of  Radial  Drill. 


Speeds  ot  Spindle. 

f^nAi  t  i  anil  nf  ^mv^vv. 

IT  LRU  bl.U'IlS  Ul    jl.«9VVrB« 

Single  Gear. 

Double  Gear. 

1  A- 

680 

104-0 

2  A- 

'  568 

86-5 

3  A 

467 

71-5 

1  B  - 

370 

56-1 

2B 

307 

46-5 

3B  * 

254 

38-6 

IC  - 

194 

29-4 

2  C  - 

•      161 

24-4 

3C  - 

133 

203 

A  machine  of  class  (3)  is  shown  in  Fig,  195. 
Here  the  pillar  A,  bolted  to  the  base-plate  b^ 
pTO^'ided  with  hox  table  c,  carries  a  slide  n, 
having  a  split  bearing  at  the  bottom  (lor 
clamping),  and  a  capped  bearing  at  the  top,  to 
take  the  two  trn onions  of  the  arm  e,  fitted  with 
ball  bearings,  Ynj^t  and  loa^je  prdlej's  at  f  drive 
the  cone  li,  belted  to  another  n  ;  the  latter 
connects  either  direct  to  mitre  gears  at  J,  for 
quick  speeds,  or  through  intermediate  back 
gears  situated  under  the  casing  at  K,  and  put 
into  and  out  of  operation  by  a  handle  L.  The 
raising  and  lowering  of  the  slide  D  is  efibcted  by 
geaiTS  worked  from  the  shaft  of  h,  driving  to  a 
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nest,  of  bevel  wheels  at  m,  rotating  a  vertical         The  short  vertical  shaft  which  is  driven  by 
screw  which  works  in  a  nut  on  the  slide  d.      the  gears  at  J   actuates  mitre  wheels  at  o, 


The  lever  n  tlirows  in  the  clutch  for  driving     turning  a  horizontal  shaft  P,  on  which  a  sliding 
this  screw.  bevel  Q  drives  another  bevel  on  a  short  vertical 
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shaft  on  which  is  a  pinion,  engaging  with  the 
spur  wheel  r,  on  a  sleeve  surrounding,  and 
driWng  the  drill  spindle  s.  Belt  pulleys  T 
drive  the  feed,  through  bevel  gears  to  the  nest 
of  spurs  at  u,  any  pair  of  which  can  be  engaged 
by  an  internal  sliding  key  operated  by  the  lever 
V ;  the  gears  then  drive  a  vertical  shaft  con- 
nected to  a  worm  and  spur  gear,  which  racks 
down  a  sleeve  encircling  the  spindle  s  in  its 
lower  bearing ;  hand  feed  can  also  be  imparted 


firmly  by  means  of  bolts  passing  through  its 
foot,  or  revolved  on  releasing  these.  The  radial 
arm  is  held  on  the  column  by  a  split  sleeve, 
which  may  be  adjusted  up  and  down  by  a 
screw,  and  the  arm  itself  fits  by  a  circular 
facing  to  this  sleeve,  so  that  it  may  be  angled 
to  drill  holes  other  than  vertical.  The  driving 
of  the  machine  takes  place  from  an  electric 
motor  mounted  on  the  top  of  the  column, 
with   its   armature   shaft   standing  vertically, 


Fig.  195.— Radial  Drilling  Machine.     (Tangyes,  Ltd.) 


quickly  by  the  cross  handle  w,  or  slowly  by 
hand-wheel  x.  The  saddle  is  racked  along  the 
rail  by  the  hand-wheel  y,  turning  worm  gear 
which  rotates  the  rack  pinion.  The  clamping 
is  done  by  a  small  lever  above  y. 

An  all-round  or  universal  radial  machine  of 
class  (3),  having  a  circular  pillar  is  shown  in 
Fig.  196,  Plate  XIV.  The  column  is  bored 
out  inside  to  fit  over  a  post,  which  is  fixed  to 
the  base-plate,  and  the  column  may  be  clamped 


and  rotating  a  pinion  at  the  top,  turning  a 
spur  gear  which  drives  a  long  vertical  shaft 
passing  down  to  the  foot.  A  pair  of  bevel 
gears  transmit  the  motion  at  right  angles  to  a 
four-step  cone  pulley  in  bearings  on  the  sleeve, 
and  a  belt  drives  another  cone  below,  which 
is  provided  with  back  gear  to  give  an  ample 
range  of  speeds.  The  power  is  conveyed  to  a 
shaft  l3ring  within  the  radial  arm  through 
gears,  and  so  to  the  drill  spindle.     The  saddle 


Rad 


THE    ENCYCLOFjEDIA    OF 


Rai 


of  the  latter  can  be  Tiioved  along  the  ami^  and 
its  down  feeds  are  pix>ducod  either  by  hand  or 
power,  A  swivelling  table,  seen  beyond  the 
arm,  is  used  for  certain  classes  of  angular 
drilling. 

Radian -^ When  an  angle  is  subtended  by 
an  arc  uf  the  same  length  as  the  radius  of  the 
eirclc  this  angle  is  called  a  radian,  Thexe  ai*e 
2  TT  radians  in  any  circle.  An  angle  may  be 
expressed  in  radians  by  dividing  the  arc  by  the 
radius. 

Radiation.— 5<M  Heat— Transmission  of. 

Radium. — Except  in  its  romantic  aspect, 
radium  does  not  concern  the  engineer.  Yet 
its  power  of  evolving  energy  unceasingly  is  so 
marvellous  that,  should  it  ever  bo  available  in 
large  quantities^  it  might  prove  of  vast  interest 
in  engineering.  To  the  chemical  engineer 
radium  is  the  most  fascinating  in  the  long  list 
of  elements.  It  has  ruthlessly  uprooted  old 
established  theones  of  matter,  aliatiered  the 
ideas  of  older  students,  and  left  them  as  it 
were  with  no  bearings.  To  have  declared  a 
generation  ago  that  elements  could  change 
from  one  to  another,  or  that  the  atom  was 
far  from  being  the  ultimat-e  form  of  matter, 
would  have  been  rankest  heresy.  Now  we 
know  that  the  alchemists  who,  groping  ignor- 
antly  in  the  dark,  sought  to  change  coarse 
ractals  into  fine  gold,  were  not  so  mad  a«  we 
imagined  them.  It  has  now  been  definitely 
proved  that  uranium  yields  radium,  which  in 
turn,  as  Sir  William  Kamaay  has  shown,  jnelda 
helium.  The  emanations  of  heat  and  light  are 
due  to  the  decomposition  of  the  atoms.  Sir 
Oliver  Lodge  has  stated  that  100,000  electrons 
could  lie  in  the  diameter  of  an  atom,  and  that 
the  disproportion  in  size  between  the  electron 
and  the  atom  is  greater  than  that  cKisting 
between  the  earth  and  the  .sun.  The  break-up 
of  the  atom  and  the  discharge  of  the  electrically 
charge^l  electrons  at  a  speed  equal  to  that  of 
light,  explains  the  radio*activity  of  this  element. 
The  rays  given  oS'  by  this  disintegi-ation  are 
named  the  alpha,  beta,  and  gamma  rays,  Tlje 
alpha  rays  are  material  particle>s,  and  are  re- 
garded by  Rutbei^ord  aa  atoms  of  helium,  in 
a  state  of  great  activity  and  excitement*  The 
beta  rays  are  unit  chai'ges  of  negative  electricity 
travelling  at  about  60,000  miles  a  second.  The 
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gamma  rays  are  similar  to  the  Uontgen  rays. 
As  regards  the  estimation  of  the  ener^  emittetl 
by  radium,  Curie  and  Laborde  calculated  that 
1  gramme  evolved  enongh  heat  per  hour  to 
raise  its  own  weight  of  water  fi'om  freezing  to 
boiHug  point  every  hour,  A  pound  of  radiuiu 
would  supply  energy  sufficient  to  lift  two-thirdi5 
of  a  ftound  1  fiwt  high  per  second  for  a  thousand 
years.  h\.  Curie  onc^  stated  that  it  would 
probably  mea^n  deatli  to  ent^r  a  ixK>m  contain- 
ing only  half  a  pound.  The  principal  source 
of  riidium  is  pitchblende  —  composed  f unda- 
mentally  of  uranium  oxides — ^and  a  ton  of  this 
produces  only  1  gramme  of  I'adium,  costing  over 
£400. 

Radius.— The  ludius  is  half  the  diameter 
of  a  circle,  or  the  distance  fi\im  the  centre  to 
any  point  in  the  circumference.  In  the  san^e 
circle,  or  in  equal  circles,  all  radii  are  equal. 
Twice  the  radius,  multiplied  by  3-14 1 G,  gives 
the  circumference;  and  the  radius  squai^, 
multiplied  by  3*1416,  givers  the  ai^ea  of  a  cii^le. 

In  trigonometry  the  ra^iius  is  the  whole  sine 
(or  sine  of  90°),     See  Circle, 

Rail  Bender. — An  appliance  which  is  tised 
for  bending  rails  to  curves.  It  embodies  two 
claw  supports  for  the  rail,  situated  from  1 6  in. 
to  30  in.  apart,  and  a  ram  situated  midway  be- 
tween, by  which  pressure  is  applietl.  The  I'am 
is  either  operated  by  a  screw,  or  for  heav^^  rails 
by  hydraulic  pressure,  the  mechanism  being  on 
the  principle  of  the  hydi'aulic  jack,  Beiiders 
generally  have  the  screw  or  ram  vertical,  but  in 
S4>me  hydraulic  machines  the  ram  is  horizontal, 
and  the  machine  portable  on  wheels,  as  lor 
tram-line  service* 

Fig,  197  illustmtes  a  screw  rail  bender,  or 
Jim  Vrow^  by  Youngs,  of  Birmingham.  Tlie 
body  and  the  screw  are  of  hammered  scmp  iron. 
A  steel  swivelling  shoe  I'emains  unmoved  while 
the  screw  is  turned.  It  is  made  in  a  large 
number  of  sizes,  with  sci-ews  from  1 J  in.  to  3  in, 
diameter,  to  bend  rails  from  14  lb.  to  90  lb,  per 
yard^  as  well  as  shafting,  tubes,  iltc. 

Fig.  19S  illustrates  a  15-ton  hydraulic  rail 
bender  by  Messrs  Youngs.  The  bow  is  of 
hammered  scrap  iron,  the  ram  of  steel,  the 
cistern  is  of  malleable  cast  iron,  the  pump  and 
valves  of  gun-metal  screwed  into  the  bow.  The 
meelianism  of  the  lever,  the  stop-valve^  ifcc,  is 


PLATE    XrV. 


'  J 

Si  lVi7» 

m 

■ 

^V*a^3^S^^^i 

Fig.  *2<>2- —Eeamkk  at  Work  is  BtJRiNfi  Mill. 
(Ludw,  Loewe  k  Co.,  Ltd.} 


7Md4  Ji»  Crane  with  Sitspkkdkd  Hivktlr.  Fig.  217- —Simjlk  Rail  Riveting;  Vua^k. 

(Henry  Berry  &  Ca,  Ltd.) 
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Fig.  197.— Screw  Rail  Bender. 


Fig.  108.— Hydraulic  Rail  Bender. 
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identical  with  that  illustrated  of  Youngs'  ship 
jack,  in  Vol.  VI.,  page  28,  Fig.  20. 

Rail  Clips. — A  device  employed  for  the 
purpose  of  holding  portable  cranes  down  to  the 
rails  when  hoisting  is  being  done  across  the 
track,  being  an  alternative  to  Blockings 
Girders,  though  both  are  sometimes  fitted  to 
the  same  crane  to  be  used  as  alternatives.  The 
rail  clips  are  suspended  from  a  piece  of  plate 
bolted  to  the  top  of  the  crane  truck.  The  sus- 
pension is  from  the  eye  of  a  loop,  the  upper 
end  of  which  is  secured  to  the  plate  with  a  long 
screw  and  nut,  which  affords  the  means  of  rais- 
ing the  clips  clear  of  the  rail  when  not  in  use. 
The  clips  fit  loosely  in  the  loop,  and  are  tightened 
around  the  rail  by  a  ring  or  coupler  embracing 
the  clips. 

Rail  Drilling  Machine. — This  may  be 
either  fixed  or  portable.  In  the  fixed  machines 
there  are  two  or  more  spindles,  the  centres  of 
which  can  be  adjusted  for  different  pitchings, 
and  the  holes  are  put  through  simultaneously.  In 
the  portable  machines,  for  out-door  use,  hand 
mechanism  is  used  for  driving,  generally  with  a 
ratchet  brace,  and  special  cranked  clamps  are 
made  to  hook  around  the  rails  at  two  positions, 
and  so  take  the  thrust  of  the  drill. 

Rail  Lifter.^— An  appliance  which  comprises 
a  stand  that  serves  for  bearings  for  a  long  screw, 
turned  by  a  double-ended  lever  by  hand,  and 
lifting  a  broad  foot  standing  out  from  the 
bottom,  which  is  inserted  underneath  the  rail 
to  be  lifted. 

Rail  Mill. — A  rolling  mill  which  resembles 
the  mills  used  for  rolling  bars  or  sectional  forms, 
but  having  rolls  suitably  turned.  It  includes 
three  mills ;  the  cogging  for  reducing  the  ingots, 
the  roughing,  and  the  finishing.  The  cogging 
mill  reduces  the  ingot  in  large  rolls,  which  range 
from  28  in.  to  45  in.  in  diameter.  Tlie  alterna- 
tive is  the  steam  hammer.  But  cogging  by  this 
method,  which  dates  from  the  early  days  of  the 
Bessemer  process,  has  generally  been  superseded 
in  all  but  the  smallest  mills.  The  cogging  plant 
costs  much  more  than  the  hammer,  but  the  out- 
put is  greater,  and  the  cost  for  labour  less. 

The  rail  mill  is  a  three-high  reversing  mill, 

having  long  superseded  the  pull-over  mill.     The 

rolls  measure  about  26  in.  in  diameter,  and  the 

principal  bulk  of  the  rail  lies  in  the  bottom,  and 
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the  middle  groove  only,  the  upper  faces  without 
edges  being  formed  in  the  top  roll,  and  in  the 
lower  portion  of  the  middle  roll.  The  passes 
are  of  the  closed  type,  and  the  rail  has  to  be 
turned  over  at  every  pass.  In  the  American 
mills  the  disposition  of  the  grooves  is  such  that 
the  rails  have  not  to  be  turned  over  at  all.  As 
the  rails  would  tighten  in  their  deep  grooves, 
guards  are  fitted  next  the  bottom  and  middle 
rolls  on  opposite  sides,  to  release,  or  ped  the 
rails  as  they  issue  from  the  grooves. 

A  modern  rail  mill  will  turn  out  4,000  tons  a 
week.  Rolls  have  to  be  checked  and  re-dressed, 
or  changed  about  once  in  every  three  shifts. 
Hails  are  cut  to  length  while  hot,  and  cooled  on 
the  hot  bed.  When  cold  they  are  trunmed  to 
length  with  inserted  tooth  milling  cutters,  and 
are  subsequently  drilled  and  straightened. 

Rails. — The  question  of  the  durability  of 
rails  is  the  most  important  one,  by  reason 
of  the  expenses  of  renewal,  and  the  large 
quantities  made  annually.  So  much  difference 
of  opinion  exists  in  regard  to  the  proper 
chemical  constitution  of  rails  that  many  com- 
panies insist  on  physical  tests  only.  The 
two  tables  given  below  represent  typical 
compositions : — 

Great  Western  Railway. 

Per  Cent. 
Carbon         from  -        -         -     "40  to  '50 

Silicon  „ -10  „  -06 

Manganese  .    ,, '05  ,,  '85 

Sulphur,  maximum "08 

Phosphorua    ,,  .....  -Qg 

London  and  North-Western  Railway. 

Siemene-lfartin, 
Acid. 

•25  to       -50 

•01   „       -25 

•05  „       -10 

•05  „        15 

.25  „     1-25 

99-39  „  97-75 

The  main  desideratum  in  a  rail  is  that  it 
shall  be  as  hard  as  possible  consistent  with 
safety.  How  that  degree  of  hardness  shall  be 
secured  is  answered  differently  by  different 
authorities.  It  may  be  increased  by  doing 
mechanical  work  upon  the  rail,  which  was  the 
practice  in  the  early  days  of  the  Bessemer  pro- 


Bes0emer,  Add. 

Carbon 

•20  to      -40 

Silicon 

-     trace  ,,       -10 

Sulphur     - 
Phosphorus 
Manganese 
Iron  - 

•01  „       -10 

•01  „       -10 

•25  „     1-25 

-    99-53  „  9805 
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eo^  when  ing*>ts  were  hammered  Lositead  of  being 
cti^ed,  anti  when  the  polling  mills  ran  at  Hlower 
&f»eecl3  than  they  do  now.  In  the  American 
tnills,  less  time,  from  various  cuiUse^s  ^^  occupied 
in  rijlling  rails  than  in  the  English,  and  the 
raih  do  not  wear  so  well  a?3  the  older  ones  did. 
It  has  Ijeen  stipulated  that  the  last  pass  shall 
be  rolled  at  a  temperatut^e  of  about  200*  Fahr, 
lefe^  than  has  lieen  the  usual  practiee,  solely  to 
im^iart  a  finer  grain  and  increased  hardness  to 
the  rail,  Mr  8*ind bergs  pifter  on  "Steel 
Railj*^**  read  before  the  Institution  of  Me- 
chanical Engineers  in  1S90,  contains  all  that 
can  well  be  said  on  the  subjeet.  He  coUatetl 
and  tabulated  a  large  amount  of  data  on  the 
ejects  of  car boHj  silicon,  phosphorus,  manganese, 
and  sulphur  on  the  transverse  and  tensile 
strength  and  hardness:  of  rails.  He  strenuoijisly 
Ofipoied  the  dangerous  tendency  to  fracture  in 
uver-hardened  rails.  He  concluded  that  harden- 
ing by  sihcon  was  of  little  consequence  by 
couipfirisr>n  with  that  effected  by  carbon ^  and 
ph*J8phtirus.  Phosphorus  J  while  hardening, 
makea  a  steel  brittle,  and  ^should  not  exceed 
one^tenth  of  1  per  cent.  Carbon  may  range  up 
to  0*40  per  cent,  silicon  0*10  percent.,  man* 
ganese  from  O'TS  to  10  per  cent,  ^e  aiso 
Permanent  Way^ 

Ai  the  rail  comes  from  the  rolls  it  is  fairly 
straight,  but  curves  in  cooling.  Cambering  is 
aomctiine«  practised  ;  that  is,  the  rail  is  curved 
in  the  coBtrary  direction  to  that  which  it  wOl 
take  in  cooling.  The  somewhat  rude  process 
of  straightening  is  thus  avoidetl,  or  its  amount 
lessened. 

To  rt^ll  a  rail  weighing  say  80  lb.  per  yard,  an 
ingot  having  a  cross  section  of  about  15  In. 
eqmire  would  be  taken  and  rolled,  passing 
through  the  rolls  some  twenty-eight  times  with- 
out reheating.  This  re-rolling  consolidates  and 
improves  tlie  quality  of  the  steel,  both  as  i^egards 
strength  and  toughness  in  an  enormous  degree. 
Moreover  the  mere  stret-ching  of  steel  greatly 
increases  the  strength  of  the  attenuated  section. 
Lord  ArmBtrong  once  mentioned  a  case  where 
tbe  ttretehing  of  a  piece  of  steel  f n>m  a  w  elded 
gun  coU  increa-seti  the  strength  from  a  little 
over  that  of  wrought  iron  (say  20  or  22  tons) 
to  85  tons  per  sq.  in,  measured  on  the  attenu- 
ated section. 


The  pi^esent  cost  of  steel  rails  is  about  j£7  a 
ton  J  and  the  value  of  the  old  material  for  re- 
melting  is  a  considerable  proportion  of  the 
original  cost*  It  is  this  cheapness  which 
renders  the  use  of  heavy  rails  economical  by 
compiiriann  with  the  cost  of  the  old  piled  mils  of 
wrought  iron,  and  of  the  steel  raik  of  a  few 
years  since. 

Rail  Sawing  Machine— 'Hie  fixed  cold 

sawing  mad  lines  are  employed  for  cutting  off 
rails  in  the  shops,  singly,  or  in  a  pile.  For 
parting  off  the  rails  out  of  d^x^rs,  portable  types 
are  used,  the  mont  common  l:>eing  that  of  a 
circular  saw,  mounted  on  a  spbidle  in  a  portable 
f mme  which  is  bolted  to  the  rail ;  the  saw 
blade  is  revolved  by  means  of  a  tootlied  wheel 
engaging  directly  in  the  gullets  of  the  teeth, 
which  are  cut  deeply  for  the  purpose ;  supple- 
mentaiy  gearing  connected  from  a  pair  of 
handles  affords  ample  power  for  driving.  The 
saw  and  driving  gears  feetl  ilown  simultane*>usly 
as  tlie  cut  progresses*. 

Rail  Straightener^  —  An  apphance  for 
taking  the  slight  kinks  and  curves  out  of  rails 
just  pi'cvious  to  laying  them  in  place.  It  is 
portable,  on  smooth  wheels,  or  on  flanged  wheels 
to  suit  gauge,  with  a  frame  on  which  the  rail 
and  the  squeezing  apparatus  lA  carried.  A 
strong  cast-iron  crtjss  has  a  slot  in  one  of  its 
arms,  in  which  two  adjustjible  blocks  carry  the 
rail.  They  are  cut  to  fit  the  rail,  and  the 
centres  are  adjustable  to  suit  any  length  of 
rail  tliat  wants  correction  up  to  about  3  ft.  6  in. 
maxbnum.  Pi'essure  is  applied  by  a  screw  or 
by  an  hydraulic  ram,  The  same  appliance  can 
be  used  for  l^ending  rails.     See  Rail  Bender. 

It  is  necessary  to  straighten  rails  Ijefore 
laying  them,  because  they  curve  or  camber  in 
coc^hng,  apart  from  accidental  beudings.  The 
thicker  portion  of  the  miJ^the  head,  cooling 
last,  becomes  concave,  Tlie  greater  the  differ- 
ence in  the  head  and  the  f»K>t,  the  moi^e  the 
curvature.  In  flange  rails  it  will  sometimes 
amount  to  several  inches  out  of  straight. 

Railway. ^ — Sm  various  heads,  such  as  Loco- 
motive Engine,  Permanent  Wayt  Rails. 
Steam  Brake,  Vacuum  Brake^  Ac. 

Raising. — A  process  by  which  works  in 
sheet  metal  are  worked  into  lioHow  forms, 
either   by  spinning,   in   whieli   piiissure  alone 
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is  exercised,  or  hj  hamniering.  Only  metals 
which  arc  highly  ductile  and  nmlleable  will 
yield  to  ^uch  treatment,  aa  it  is  essential  that 
the  particles  shall  glide  over  each  other.  A 
process  of  thinning  or  thickening  goe«  on  in 
raising,  the  amount  of  which  varies  with  the 
shapes  of  objects.  Obviimsly  in  producing  a 
hemispherical  object,  or  a  cylinder  with  a  solid 
end  from  a  disc  of  metal,  the  reduction  in 
diametei*  is  very  gieat,  and  thickening  niust 
take  place  at  the  edges.  Also,  however  ductile  a 
metal,  frequent  annealings  become  necessary, 
otherwise  it  would  fracture  under  the  severe 
treatment  of  hammering.  The  work  of  raising 
is  accomplkhed  by  a  judicious  selection  of  solid, 
and  hollow  blows  delivered  on  the  sheet.  A 
m^vd  bkiw  is  one  that  is  given  on  the  slieet 
lying  in  close  opfmsition  to  a  suppoi*ting  block 
or  anvil,  A  hoUoiv  blow  is  one  to  which  there 
13  no  direct  <:ipposition  oflereclj  the  portion  of 
the  sheet  on  which  it  is  dealt  being  away  from 
contact  with  an  anvih  A  solid  blow  must 
always  thin  the  fiart  of  the  sheet  on  which  it 
is  delivered.  A  hollow  blow  would  have  the 
same  effect  if  the  sheet  were  stretched  by  itj 
but  if  the  sheet  were  thrown  up  to  occupy  a 
amaller  space  the  effect  would  be  to  thicken  it. 
As  the  work  has  to  he  accomplished  in  detail ^ 
this  is  the  reason  why  it  is  done  in  a  succession 
of  narrow  iiutes  or  wrinkles  which  are  after- 
wards obliteratetl  by  Razin^^. 
Rake.— SVe  Angles  of  Cutting  Tools* 

Rakes* — lliese,  usually  drawn  by  a  horse, 
are  employed  for  collecting  material  that  has 
been  mowed  and  is  lying  bnjadctist  on  the 
ground.  The  rake  consists  of  a  line  of  curved 
prongs  the  points  of  which  can  be  adjusted  to 
the  recjuired  distance  abfive  the  ground,  and 
are  arranged  so  that  they  will  follow  uneven 
contours.  The  material  is  collected  in  the  cur^T 
of  the  pix>ngs  and  droppt^d  at  intervals.  The 
rake  may  lie  set  to  do  this  automatically!  <Jr 
the  driver  may  do  it  by  means  of  a  lever. 

Ram. — The  monkey  of  a  pile-driver.  The 
tool  arm  of  a  shaper,  or  slotter.  The  plunger 
of  an  hydraulic  lift,  or  a  press.  The  hydmnlie 
ram. 

Ram  Leather.— 6'e^  Hydraulic  Leathers. 

Ramming*. — Const>lidating  the  sand  arouml 
a  foundry  pattern.     It  is^  in  some  of  its  details^ 
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a  delicate  ojseration,  requiring  good  judgment, 
since  the  character  of  the  ramming  must  vaiy 
in  moulds  of  different  kinds,  and  often  in 
different  parts  of  the  same  mould.  The  pegging 
rammer  is  used  first  to  consolidate  the  sand  in 
the  vicinity  of  the  pattei*n,  followed  by  the 
flat  rammer  for  thtj  main  body  of  sand.  S*^ 
Moulders'  Tools.  If  the  sand  is  rammed  too 
kx>sely  in  a  large  mould,  the  piessure  of  metal 
will  cause  it  to  yields  and  the  casting  will 
become  lumpy*  If  rammed  torj  hard,  patches 
of  sand  will  ilake  off^  producing  scabs.  The 
more  loose  and  open  the  sand,  the  lighter 
should  be  the  ramming.  Drieti  sand  may  he 
rammed  practically  as  hard  tLs  possible,  l>ut 
not  green  sand.  So,  too,  cores  to  he  dried  may 
be  rammed  harder  than  green  sand  cores*  Sand 
in  a  top  should  be  rammed  harder  than  that  in 
the  bottom,  and  the  more  so  the  larger  tlie  area 
of  the  mould. 

Ramps. — Appliances  used  for  running  de- 
railed vehicles  back  up  on  to  the  rails.  They 
are  mild  steel  plates  sloping  up  from  the  ground 
to  the  top  of  the  niil,  which  they  straddle 
over.  The  wheel  of  a  vehicle,  the  refold,  hauled 
or  pushed  up  the  slope  alight-s  on  the  i"ail 
Ramps  ai'e  single,  that  is  they  ttank  one  side 
of  the  rail  onlyj  or  they  are  double,  Hanking 
both  sides.  A  set  of  the  first  compiises  two 
left-hand  I'amps,  A  set  of  the  second  two 
double  ramps, 

Ramsbottom  Rings.  —  Piston  rings,  of 
light  section,  designed  by  Mr  IlamsbiJttom, 
l>entj  and  spi"ung  int^>  grooves  turned  in  piston 
bodies,  and  retained  by  their  own  elasticity 
only  without  the  use  of  junk  rings  or  plates* 
They  are  used  in  the  smaller  pistons.  They 
work  with  little  friction. 

Ramsbottom  Safety  Valve  —A  double 
safety  valve  invented  by  Mr  Ramsbotkim, 
and  used  almf>3t  cliiefly  on  locomotives.  The 
two  valves  are  connected  by  a  cross-bar  which 
is  made  to  resist  the  pi'esaure  of  the  valves  by 
a  spring  anchored  midway  between  the  two, 
Tlie  valves  have  coniail  recesses  in  whicli  the 
points  of  the  cross-bar  take  their  bearings. 
8uch  a  valve  cannot  l>e  tampered   with,   and 

the  lift  iH  dii-ect.    ^Sec  Safety  Valve. 

Ramshorn  Hook.— A  double  hook  used 
on    the    heaviest   cranes  and    travel  I  el's.       For 
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iii\r    Uiads  abo%*e  about  10  tons,  thb  type  of 

liook  is  used  in  conooction  with  a  guatch  block. 

k    double  sling  chain  k  used  with  it,  making 

tl^o  pull  on  the  hook  central  through  the  axis 

around  wliicb  it  swivels. 

Ramsbom  Test^— One  of  the  hot  tests  for 

iron  and  steeL     Tiie  bar  to  be  test^  has  a  hole 

of  elliptical  shape  punched  through  it  near  one 

end,  the  width  of  the  hole  being  one- third  that 

of  the  diameter  of  the  bar.     It  is  then  drifted 

to  one  and  a  quarter  times  the  diameter  of  the 

I      iFOd^     A  el  it  is  cut  do%Ti  fi*om  the  end  mXja 

tli«  hole^  and  the  metal  opened  and  tunied  hack 

Until  the  alit  ends  touch  the  bar. 

Rape  Seed  Oil — The  seed^  of  the  rough 

J^saved  winter  rape,  or  uole*5eed  {Brtm^ica  napits), 

yi«?ld  the  lubricating  oil.     The  principal   sup- 

plies  come  from  the  East  Indies,  and  the  Black 

^'^s^     The  Brassica  Campetilris  yields  colza  oil, 

i  ^^^>d  for  illumination.     Kape  seed  oil  is  a  thick 

l^'^B^Ty  oil     It«  speeifit;   gravity  at  60'   Fahr. 

I  *^**i^©8,  when  refined,  between  '916  and  •921. 

It^  viscosity  at  70"  Fahr.  is  246  to  225,  Southern 

^^^rm  oil  being  taken  as  the  standard,  or  100* 

^t^  fla^h  point  by  the  close  t€st  is  482"  to  462' 

^  «^r.     The  amount  of  free  fatty  acid  present 

^^  from  2*8  to  4 '67  per  cent. 

I         Happing,    or   Loosening.  —  The    act  of 

P     ™o«emng  a  founflry  pattern  in  its  mould,  after 

^t  bas  been  rammed,  as  preparatory  to  the  Hft- 

^gv     The  deeper  the  pattern,  and  the  narrower 

»nd  weaker  the  section  of  sand  by  which  it  is 

icloaad,   the  greater  the   need  of  rapping  to 

risk  of  fracture  of  the  sand,     R^ippiug  is 

performed  by  inkier  ting  a  pointed  iron  bar  in  a 

hole  in  the  pattern,  or  in  a  metal  plate  or  plates 

attached  to  it,  and  striking  the  bar  laterally  in 

all  directions,  so  loosening  the  pattern  aides. 

The  effect  is  that  the  sand  in  contact  with  the 

pftttem  is  pushed  away  slightly  from  contact, 

and  when  the  pattern  is  lifted  it  does  not  drag 

against  the  sand^  but  has  a  slight  clearance.    In 

a  deep  pattern  there  is  little  or  no  clearance  at 

the  bottom,  though  there  may  \m*  a  considerable 

atnunnt  at  the  top.     The  mould  will  therefore 

be  larger  at  the  top  than  the  pattern,  and  have 

more  taper  than  that  which  has  been  imparted 

to  the  pattern.    Moreover,  in  spite  of  every  care 

there  is  nearly  always  risk  in  ordinary  pattenis* 

excepting  those  of   small   dimensions,   and   of 


shapes  favourable  to  delivery,  of  some  amount 
of  fracture  taking  place,  ami  then  mending  up 
has  to  be  done. 

These  evils  are  avoided  by  the  employment'of 
stripping  plates^  and  of  moulding  machines,  in 
which  such  rapping  as  is  adopted  with  hand- 
moulded  patterns  is  unnecessary.  The  most 
that  is  generally  done  is  a  rapping  on  the  face 
of  the  pattern  plate  during  the  time  of  with- 
drawal. But  this  is  not  like  loosening  laterally. 
It  is  Just  the  same  as  the  rapping  done  on  the 
pattern  face  during  the  act  of  withdrawal^ 
namely  to  assist  in  detaching  the  sfind  from 
the  pattern.  Some  moulding  machines  have  an 
automatic  jarring  apparatus  w^hich  effects  the 
same  i^esults. 

Rapping*  Ban — An  iron  bar  p*3inted  at  one 
end,  and  used  for  loosening  patterns  in  the  sand. 
Sizes  will  range  from  |  in.  to  1^  in.  in  the 
sniatlent  and  largest  diameters  required*  See 
Rapping. 

Rapping*  Mallet. — ^A  light  wooden  mallet 
used  by  moulders  for  striking  blows  on  the  top 
face,  or  the  sides  of  a  pattern  during  its  with- 
drawal, to  detach  any  particles  of  sand  that  may 
otherwise  a^lhere  to  it. 

Rappingr  Plates.— ^S^e  Lifting  Plates- 

Rastrick  Boiler. — A  boOer  which  has  ni»t 
lieen  made  for  many  years,  but  examplei^i  of 
which  were  untU  recently  retained  in  servitie  in 
ironworks.  It  is  an  egg-ended  boiler  set  with 
its  axis  vertically,  and  is  therefore  a  dangei'ous 
type,  due  to  its  liability  to  seam  rips,  and  many 
explosions  have  occurred  in  consequence.  It  is 
set  in  brick-work,  and  generally  fired  by  the 
waste  gases  from  the  iron  furnaces.  Mainly  it 
is  externidly-fired,  but  it  has  a  centre  tul>e 
extending  to  some  distance  up  from  the  btittom, 
and  four  branch  tubes  leading  therefrom  to  the 
enclosing  brick  -  work.  The  brick  casing  is 
divided  into  four  compartments  by  mid-feathers* 
Elach  compartment  receives  tJie  waste  heat  of 
the  various  iron  furnaces.  Tlie  flame  passes 
over  the  bottom  and  up  over  the  brt?aat  of  the 
boiler  to  the  top  of  each  compartment,  and  into 
the  branch  tubes.  Thence  it  gi>es  down  the 
centre  tube,  and  away  by  an  underground  flue 
to  the  chimney. 

Ratchet,  Ratchet  Gearing.— Mechanism, 
the  principle  of  whii'h  is  it-s  intermittent  action. 
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It  occurs  in  many  forms,  but  the  two  essential 
members  are  the  ratchet  wheel,  or  rack,  and 
the  pawl,  or  dog,  which  drops  into  the  tooth 
spaces,  and  so  arrests  the  movement  of  the  wheel 
or  rack,  or  is  itself  arrested  thereby.  Ratchets 
run  in  one  direction  only,  or  in  opposite  direc- 
tions, the  forms  of  the  teeth  differing  in  each  case. 
The  first  are  radial  on  one  face  only,  against 
which  the  pressure  of  the  pawl  is  taken,  the 
other  face  having  a  slope  from  root  to  point  of 
adjacent  teeth.  The  second  have  both  faces 
symmetrical,  being  either  radial  or  sloping. 

Ratchet  wheels  fulfil  the  following  functions: 
— They  change  a  continuous  motion  into  an  in- 
termittent one,  as  in  the  ratchets  of  hand  cranes 
used  in  lowering  heavy  loads,  or  of  a  hand 
capstan,  to  hold  the  capstan  in  the  intervals,  of 
pulling  round,  or  the  escapement  of  a  watch. 
Reversing  the  action,  a  ratchet  becomes  a  method 
of  feeding — the  pawl  moving  instead  of  arrest- 
ing the  ratchet.  This  is  the  case  in  the  feeds 
of  tool  boxes  of  planers,  shapers,  and  other 
machines  —  the  ratchet  feed,  and  in  braces 
for  drilling.  An  example  of  ratchet  action, 
though  not  usually  classed  as  such,  is  that  of  the 
pawl  used  for  releasing  some  mechanism,  as  for 
example  the  drop  of  the  ram  of  the  pile  driver, 
or  of  the  ball  used  for  breaking  heavy  scrap  iron, 
the  trip  valve  gear  of  some  engines,  as  the 
Corliss,  or  the  Cornish,  or  the  trigger  of  a  gun. 
Or  reversed,  the  safety  device  for  holding  up  a 
lift  in  case  of  the  ropes  breaking. 

The  pawls  may  either  drop  into  the  ratchet 
teeth  by  gravity,  or  be  forced  into  engagement 
with  springs.  The  latter  is  commonly  adopted, 
and  then  the  position  of  the  pawl  is  unimportant, 
while  a  gravity  pawl  must  have  a  position  ap- 
proaching the  horizontal.  Pawls  which  feed  in 
both  directions  must  be  of  spring  type.  The 
spring  may  be  extra  to  the  pawl,  or  be  enclosed 
within  it.  Multiple  ratchets  are  those  which 
contain  more  than  one  pawl.  They  may  be  so 
designed  to  give  equal  pressures  round  a  wheel, 
as  in  some  forms  with  internal  teeth.  The 
common  claw  coupling  may  be  regarded  as 
essentially  a  multiple  ratchet.  Or  they  are 
used  for  the  purpose  of  subdividing  the  pitch 
of  the  wheel  teeth,  as  to  obtain  finer  (applied  in 
some  grinding  machines)  and  graduated  feeds. 

It  is  essential  to  the  secure  working  of  ratchet 
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mechanism  that  the  faces  of  the  ratchet  te 
shall  not,  by  direct  pressure  between  their  h 
and  the  face  of  the  pawl,  tend  to  throw  the  lai 
out  of  engagement.  When  practicable  the  thi 
should  take  place  through  the  axis  of  the  pa 

Friction  Hatchets. — In  these,  friction  hloi 
the  action  of  which  is  rendered  intermittent 
means  of  suitable  levers,  take  the  place  of 
pawl.     The  design  is  valuable  as  a  silent  J 
in  wood-working  machines. 

Ratio. — Is  the  measure  of  the  relation  wh 
one  quantity  bears  to  another.  The  ratio 
9  to  3  is  3,  because  |  =  3 ;  9  is  called  the  ai 
cedent,  and  3  the  consequent.  See  Prop 
tion,  and  Rule  of  Three. 

Two  numbers  are  said  to  be  in  direct  r 
when  they  increase  or  decrease  together, 
the  ratio  remains  constant. 

Two  numbers  are  in  inverse  ratio  when 
decreases  if  the  other  increases,  and  vice  ver 

Raw-Hide  Gears. —  Gears  built  up 
layers  of  specially  prepared  ox-hide,  the  vi 
of  which  lies  in  the  capacity  for  smooth 
easy  running  at  high  speeds,  no  vibration 
noise  being  set  up.  Hence  they  are  used  lar| 
in  electrical  drives  of  all  kinds,  and  for  1 
speed  cranes.  Being  highly  elastic  then 
little  risk  of  stripping  of  the  teeth.  They 
machine  cut.  They  may  engage  with  other  i 
hide  gears,  but  like  mortice  wheels,  it  is  < 
necessary  to  have  one  gear  of  the  ela 
material,  the  other  may  be  of  any  metal.  T 
strength  is  about  equal  to  that  of  cast-: 
gears. 

The  blanks  are  stored  for  several  moi 
before  being  worked  up,  in  order  to 
thoroughly  seasoned.  There  are  various  ^ 
of  confining  the  laminse  of  leather  betw 
shrouding  plates,  the  plates  being  of  brass 
the  smaller  sizes,  of  iron  in  the  larger, 
plates  always  extend  to  the  point  of  the  te< 
Plain  plates  united  with  countersunk  rivets 
commonly  used,  Fig.  199,  A.  Another  wa 
to  carry  a  boss  on  one  plate  right  through 
body  of  the  other  plate,  and  rivet  the  twc 
gether,  b.  The  key  groove  is  cut  through 
boss.  Large  wheels  are  usually  made  wi< 
cast-iron  centre,  c,  the  side  plate  being  ' 
together  with  bolts,  as  shown. 

Bevel  gears  of  raw-hide  are  made ;  there  i 
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tifd  reisembliny  those  in  h  eominon  flat  drill 
le    bocly   steadies    the   tool,    and    enables    a 
ftly  niuiid    holt'  ttJ    be   miide^      Grogvea 
>wti  the  ouUide  conduct  the  lubricant  to  the 
Iges.     A  ro§^  reamer  B  {the  6rigiiittl  broach) 
teetli  eut  on  the  corner,  which  is  rounded ; 
fie  abjection  t45  thia  tji;»e  is  that  it  cut^  slowly, 
lid  is  ititble  \m  elog.     Very  small  reamers  are 
|*ide  with  iiats,  usfually  forming  a  hexa^jfon  in 
ii«s  section.     Ttic  most  effective  kind  of  tool 
the   Huted  reamer,  whieh  has  good  cutting 
Mcity^  aDd  ample  clearance  for  the  ehips.     c 
rviafi  oitlinHrj  hand  type,  with  a  ltoss  section 
Lrj^ed  at  u)  giving  the  form  of  the  teeth 
flutes.     Instead  uf  the  flat  relief,  the  Pratt 
S^  Whitney  Co»  u»e  an  eccentric  relief,  simihi!* 


are  continuous.  A  device  intended  to  serve 
the  purpose  of  drawing  a  i^anier  into  its  hole 
ift  that  of  forming  a  fine  screw  thi^ea*!  for  it 
short  distance  up  the  end,  thus  pulling  the 
reamer  into  its  hole  without  the  necessity  of 
exercising  end  pressure, 

Heajiiers  used  in  machines  have  either  taperetl 
shanks,  or  if  required  for  turret  lathe**,  long 
shanka  are  provided,  G,  these  being  tenned 
chucking  reamei^,  because  they  operate  on 
work  chucked  simply  ffir  lioring,  and  facing. 
The  larger  tools  are  fitted  on  to  separate  shanks, 
to  avoid  using  so  much  tool  steel  for  a  large 
number  of  shanks  ;  these  ah^Jf  reamersj  h  and  .j 
{either  straight  or  spiral),  with  fluted  teeth,  or 
mse  teeth  K,  lit  by  a  taper  to  their  arbor  l,  and 


:ir 


'r:!H 


Llma^^M;:^^^^:-.  /■;;■■  X  ■■vv . .  Z 


Fig.  2t>l.' Adjustable  Reattiot^. 


tbjit  on  backedniff  milling  cutters,  which  is 

Ironger,  and  smoother  in  action  than  the  flat. 

be  teeth  are  usually  ajiaced  regularly  around 

the  diameter,  but  a  few   firms  put  the  teeth  at 

rregular  intervalsj  the   idea    being   that    one 

oth  shall  not  fall   into  a  recess  left  by  the 

pn'^vioiLs  one,  in  case  of  chatters  ur  ii'iTgulai'itics 

L'vt*li»ping,  Htj  that  the  hole  will  be  smooth  aufl 

rmncl.     Spiral  teeth  i:  are  used,  especially  fur 

rjng,  and  for  tapered   reamers,  such  as  at  F. 

The  U^eth  are  frequently  notclied  out,  F,  leaving 

jiercfl    sections,   by    whicli    tlie    chipts    are 

en  up  intij  ^liort  pieces,  thit  do  not  obstt^uct 

be»  action  f»y  much  as  when  the  cutting  edges 


are  driven  by  the  key  fitted  against  the  shoulder^ 
engaging  in  shits  out  across  the  back  of  the 
reamer.  Another  cla&s  of  chucking  reamer  is 
made  with  flutes  re^sembling  those  in  twist 
drills,  and  with  a  blunt  nose,  M.  A  hole  \b 
bared  thnjugh,  as  shown  by  the  dotted  lines, 
when  the  tool  is  to  be  used  with  lubricant. 

All  the  solid  i-eamers  suffer  from  the  defect 
tliat  they  wiD  not  retain  their  aiaie,  l>eing  re- 
duced by  grinding.  There  are  consequently  a 
n\imher  of  types  of  adjustable  or  expanding 
reamers,  liy  which  stand ai^J  aijtes  can  \m  main- 
titinecL  llie  action  of  inchnod  planes  Is  utilise*! 
in  many,  such  as  the  Rogers^  tvp*"*  Fig*  201,  A, 

in 
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lit  of  recalescenec 

t    more  in  lengths  of 

i     one  cauj*e  of  tlie 

Hating  of  large  ingot**, 

.  nr  i^  coolujg,  an  inner 

MX,  Atifl  putting  strain  on 

I.  r  mner  portions, 

1  in  which  molten  metal 
until  more  metal  \b  melted 
Tih  It.  It  m^y  be  neeessu.ry 
^lig  cftpaeity  of  a  furnace  is  in- 
M  t^anntity  of  metal  retfui red.  Or 
<>itler  to  obtain  metal  of  greater 
Viiore  equable  composition.  Either 
les  to  the  ca^st  iron  melted  in  found  - 
ts,  and  the  latter  reason  applies  chietly 
lixtures  of  irf^n  melted  in  Bensemet 
ir  uae  m  the  converters »  An  exanijile 
mv  for  a  foundry  cupola  is  Ulustrated 
pol& ;  examples  of  those  for  Bessemer 
er  Metal  Mixer 

m  receiver  is  also  applied  to  a  vessel 
■ormerly  much  Ufied  in  compound 
tL  which  the  ci*ankpins  vxere  locate*! 
ingles  to  each  other.  The  ateam  ex- 
rom  the  high-pressure  cylinder  into  an 
ate  vessel,  whence  the  a  team  passed 
low-pressure  cylinder.  It  had  the 
t  al^j  of  maintaining  a  fairly  constant 
sure  against  the  high-pressure  piston, 
ducing  the  variation  of  temperature 
^linder,  but  the  same  results  are 
tiow  in  a  moi'e  satts£actory  and  eoo- 
■ly  by  the  employment  of  triple 
B^gineSi  in  which  the  intermediate^ 
pteani  eliest,  and  pipes  fulfil  the 
if  a  i-eceiver. 

rocating  Machine  Tools, —A  large 

rtimt  group  which  includes  the  plan* 
ngf  and  slotting  machines  in  all  their 
designs,  fixed,  and  portable.  They 
^  chai-acterised  by  the  alternation  of  a 
^  with  a  catting  stroke,  to  which  tliere 
Bceptions,  as  that  of  the  planers,  with 
tool-boxes.  It  is  usual  in  all  but  the 
Lachines  to  make  the  return  non-cutting 
:e  place  at  a  more  rapid  rate  tlian  the 
mgingfrom  twice,  to  six  or  eight  times, 
isions  of  this  class  of  machine  range 
s^rge  planing  machines  of  common,  pit^ 
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vertical,  and  side  types  to  the  small  6  in.  shapers, 
slott^ra,  key  aeatei^,  and  portable  slotting  and 
shaping  machines.  In  such  a  range  there  are 
many  and  varied  problems  to  be  attacked,  and 
except  ill  the  fact  of  reciprocation  there  is  little 
in  common  between  the  great  groups  into  which 
these  machines  are  divided.  Many  are  highly 
speciali^sed,  designed  for  doing  a  single  kind  of 
task,  others  are  made  to  combine  several  sets  of 
operations.  All  the  principal  types  will  be  found 
described  under  specific  heads. 

Rectangle- — A  rectangle  is  a  parallelogram 
wit!i  all  it^s  angles  right  angles.  As  regards  the 
mensuration  of  the  rectangle, 

Area  ^  length  x  breadth. 
Ijcngth  =   area  *^  breadth. 
Breadth  =    area    -=-  length. 
Area  also  equals  the  product  of  any  two  sides 
and  the  natural  sine  of 
their  included  angle,  ^ . 

To  construct  a  i"ect- 
angle.  Fig.  203  (1). 
when  tlie  two  sides,  a 
and  i,  are  given.  Draw 
KB-h^  and  at  A  erect 
a  perpendicular  ab  — a^ 
With  B  as  centre  and 
AD  as  radius  describe 
arc  at  c ;  with  D  as 
centre  and  ab  as  radius 
cut  the  arc  at  c,  and 
join  DC,  BC. 

To  construct  a  reet* 
angle  when  the  dia- 
£^onal  AC  and  one  side, 
fi,  are  given  (2).  Bi- 
sect  AC,  and  with  the 
point  as  centre  describe 
the  circle.     With  a  as  ^ 

centre  and  length  of  a       Fig.  203,— R«cUtigle, 
as  radius,  cut  the  circle 

at  n ;  and  with  c  as  centi*e  and  same  i-adius  cut 
the  circle  at  D.     Join  the  points  as  shown. 

Rectangular  Boiler,  or  Box  Boiler— An 
obs4.ilete  design  for  marine  service^  which  was 
displaced  by  the  cylindrical  or  Scotch  type 
when  pressures  began  to  exceed  fexira  30  !b  to 
35  lb.  The  shell  was  a  plain  rectangular  box 
with  convex  edges.  The  tiat  sides  were  stayed 
very  closely,  as  was  necessary  for  their  support 
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even  against  the  moderate  steam  pressures.  It 
was  internally  -  fired,  one  boiler  containing 
several  furnaces;  and  of  tubular  design,  the 
tubes  returning  from  the  combustion  chamber 
to  the  smoke-box  at  the  front.  They  were  fitted 
with  a  rake  of  about  one  inch  to  the  foot  in 
order  to  raise  them  sufficiently  above  the  furnace 
mouths  at  the  front,  to  leave  room  there  for  the 
manholes.  The  furnace  was  well  stayed  to  the 
shell. 

The  rectangular  boiler  was  made  in  two 
distinct  types;  the  dry^  and  the  wet  bottom 
respectively.  In  the  first  there  was  no  water 
under  the  bottom  of  the  furnace,  in  the  second 
there  was  a  water  space  between  the  bottom 
and  the  shell ;  the  former  was  used  chiefly  in 
the  merchant  service,  the  latter  in  the  navy. 
Much  difierence  of  opinion  existed  in  regard  to 
the  relative  advantages  of  each.  Generally  the 
smoke-box  and  uptake  were  fitted  within  the 
shell,  but  in  many  these  were  placed  externally. 
One  of  the  most  terrible  explosions  on  i-ecord 
occurred  in  a  box  boiler  on  the  Thunderer, 

Rectified  Current.— Alternating  current 
which  is  transformed  down  from  a  high  potential 
to  direct  current  of  a  strength  required  by  con- 
sumers. Thus  a  two-  or  three-phase  current  of 
several  thousand  volts  may  be  rectified  to  a  few 
hundred  volts  at  substations.  For  large  powers 
the  motor  generator  and  the  synchronous  rotary 
converter  are  used.  For  small  powers  an  electro- 
lytic rectifier,  or  the  mercury-arc  rectifier  are 
employed.  The  first-named  consists  of  plates 
of  an  alloy  containing  aluminium,  acting  as  a 
cathode,  suspended  in  a  salt  capable  of  altering 
the  condition  of  the  polarising  layer  or  film 
which  is  formed  on  the  passage  of  an  alternat- 
ing current.  The  electrolyte  may  be  contained 
in  lead  cells,  forming  the  anode.  The  second 
comprises  an  exhausted  glass  vessel  containing 
two  anodes,  one  cathode,  and  one  starting 
anode.  The  two  anodes  being  connected  across 
the  terminals  of  the  alternating  current  line 
become  alternately  positive  and  negative.  The 
arc  carrying  the  current  passes  alternately  be- 
tween each  anode  and  the  cathode.  The  latter 
is  connected  to  the  load  circuit,  the  other  pole 
being  connected  to  a  resistance  coil  across  the 
alternating  current  circuit.  The  starting  anode 
is  for  the  excitation  of  the  cathode.  These 
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rectifiers  can  be  used  for  any- voltage,  and  for 
any  frequency  from  25  to  140  c/>  per  second. 

Red  Copper  Ore,  CugO. — Cuprite,  the  red 
oxide  of  copper. 

Red  Deal. — One  of  the  names  given  to  a 
variety  of  fir  wood  (Coniferse)  of  a  reddish 
colour.  It  is  imported  from  N.  Europe.  It 
is  considered  stronger  and  more  durable  than 
the  white  deal  generally  called  spruce. 

Red  Haematite,  FcgOg.— An  important 
oxide  of  iron  which  occurs  abundantly  in 
Cumberland,  and  on  the  shores  of  Lake 
Superior.  According  to  the  form  in  which  it 
occurs  it  is  variously  called  kidney,  ochre, 
specular,  micaceous,  and  massive  hsematite. 
Cumberland  haematite  contains  over  90  per 
cent,  of  ferric  oxide,  about  5*6  per  cent,  silica, 
and  less  than  1  per  cent,  of  each  of  the  following 
impurities  : — alumina,  water,  phosphoric  acid, 
manganese  oxide.     See  Iron. 

Red  Lead,  or  Red  Oxide. — A  compound 
of  the  monoxide  and  the  dioxide  of  lead, 
having  the  composition  2PbO-HPb02.  The 
substance  is  of  much  value  in  the  machine  shop, 
when  mixed  with  oil,  to  form  a  very  thin  paste, 
which  is  smeared  over  parts  that  are  being 
fitted  mutually.  The  mixture  being  rubbed 
with  the  finger  or  a  bit  of  waste  on  one  face 
becomes  transferred  to  another  brought  into 
contact  with  it,  and  the  points  or  areas  of  con- 
tact indicate  where  metal  has  to  be  removed  by 
filing  or  scraping.  The  faces  of  flanges  in 
steam  pipes,  cylinder  covers,  <tc.,  are  smeared 
with  a  thin  layer  of  red  lead  in  oil,  but  the 
more  accurate  the  metallic  faces  are,  the  less 
the  thickness  of  red  lead  which  is  necessaiy  or 
desirable.  The  seatings  for  manholes  and  other 
attachments  to  boilers  are  also  made  good  witW 
red  lead,  combined  with  tar  twine,  plaited. 

Reducing  Agent. — In  the  wider  chemicf»-^ 
sense  a  reducing  agent  is  a  substance  capabl^^ 
under  suitable  conditions,  of  removing  oxyger^^ 
chlorine,  or  other  element  from  a  compounc^B 
Carbon,  hydrogen,  and  aluminium  are  exampl^^*- 
of  reducing  agents.  In  metallurgy,  oxides  c^ 
the  metals  are  reduced  by  the  action  of  earbo^^^ 
in  some  form.     See  Reduction. 

Reducing  Valve.— One,  the  function  (^^ 
which  is  to  reduce  a  high  and  varying  pressure?' 
of  steam,   air,  or  water  to  a  lower  constan*^ 
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Eingh  the  niedimu  of  a  thxT>t tie- valve. 
are  ee\"er*J  designs,  but  they  all  embody 
kain  elemente ;  the  valve  itself,  usually  of 
Duble  beat  or  equUibnum  type,  and  the 
I,  or  the  diaphragm  connected  therewith, 
ach  the  reduced  pi'es^ure  is  regulated  by 
I  of  a  spii*al  spring,  or  a  loaded  lever 
r  to  that  of  a  safety  valve,  the  spring  or 
WgjjpSL  usuallyj  but  not  invariably,  below 
BiS-  Tho  spring,  or  the  position  of  the 
Dn  the  lever  are  made  to  regulate  the 
\  of  reduced  pressure  required. 


thus  : — A  stop- valve  may  be  temporarily  intro- 
duced in  place  of  the  reducing  valve  to  aiicertain 
the  valve  opening  required,  with  which  at  the 
maximum  conmimption  of  steam  the  rec[uir6d 
reduction  is  i^btained.  The  size  of  reducing 
valve  should  not  exceed  four  time-s  the  area 
opening  thus  arrived  at.  To  calculate  the  size 
of  reducing  valve^  the  maximum  consumption 
of  ste^m  must  be  determine*!  fii^st,  then  the 
requii^ed  maximum  opening  of  the  valve  may 
be  calculttted  by  assuming  the  steam  will  pass 
through  the  valve  at  a  velocity,  V,  in  feet  per 


Fig,  2t>4.  "Reducing  Valve. 


sign  seems  a  simple  one,  yet  in  faet 
imbject  to  considerable  variation  in  the 
\  uf  diSerent  manufacturers^  and  certain 
Btions  have  to  be  observed.  Reducing 
\  should  be  smaller  in  diameter  than  that 
b  ateain  supply,  ei)|)ecially  when  the  re- 
of  prewure-is  large,  A  large  valve 
dightly  that  wire  drawing  results, 
;|uent  iieoring  of  tlje  seats.  Messrs 
br  ik  Budeiiberg  recommend  the  deter- 
ion  experimenUilly  of  the  size  I'equired, 


second  =10  R,  where  R  m  the  reduction  in 
pressure  in  lb.  per  square  inch. 

An  ordinary  reducing  valve  will  not  uperat-e 
as  a  stop- valve*  The  latter  should  be  fitted 
in  the  high-pressure  steam  pipe  ti>  shut  off  the 
steam  when  the  consumption  ceases.  Designs 
are,  however,  made  to  include  a  hand  stop- 
valve.  A  safety  valve  should  also  be  fitted 
to  C4irry  away  surplus  steam  in  the  event  of 
reflucing  valves  failing  to  operate. 

We  select  for  illustration  a  valve  oi  en^v 
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librium  and   diaphragm  type,  which  while  in- 
eluding  the  main  elements  of  that  general  type, 
is  mcKiified  in  several  Lmportant  details.     Ah  a 
result   it  automatically   deliv^ers   steam    which 
varies  in  volume  with  the  demands  made  upon 
it,    but    stiU    maintains   a   uniformly   reduced 
pressure.      It    is    Fo&ter*«    patent,    made    by 
Messrs  W.  H.  Bailey  k  Co.,  Ltd.     The  great 
advantage  of  this  valve   is   the   compen^tating 
spring  movement.     Other  spring-conti'olled  re- 
ducing valves  will  not  open  wider  unless  the 
pressure  on  the  reduced  side  falls ;  the  Foster 
valve  will  open  to  supply  an  increased  demand, 
and  at  the  same  time  maintain  the  I'equired 
reduced  pressure^  without  any  alt^^ration  what- 
ever in    the   epnng   adjustment.      The   illus- 
tration  shows   only  one   class   of  desi^,   but 
there  are  a  number  of  modified  forms  to  suit 
all  the  vatie^l  conditions  demanded  by  pi'actice. 
In  Fig,  204,  A  is  the  double-seated  valve,  which 
is  lifted  and  closed  by  the  action  of  tbe  dia- 
phragm valve  B,   in  opposition   to   the  ptiwer 
of  the  springs  c,  c.     The  steam  or  other  fluid 
enters  at  n,  passing  out  at  e  as  indicated  by 
the  arrows.     In   its  coui'se  it  enters  the  dia- 
phragm chamber  ¥  tlu'ough  the  port,  seen  separ- 
ately in  the  detail  to  the  right,  and  so  causes  the 
diaphnigm  ^alve  B  to  rise  and  close  the  valve  A 
in  opposition  to  the  spiinga  c^  c.    The  function  of 
these  springs^  which  are  adjusted  by  the  nut  ii,  is 
to  pi^oduue  equilibrium  between  the  valve  a  and 
the  delivery  pressure  on  the  diaphragm  valve  b, 
the  tendency  of  the  springs  being  to  open  the 
valve  A  against  the  pressure  on  the  diaphragm 
|{,     Should  the  pressure  on  the  delivery  side 
increase,  the  pressure  bearing  on  the  diaphragm 
\-aJve  B  overcomes  the  resistance  of  the  spiings, 
and  tends  to  close  the  vahe  until  the  equili- 
ilirium  IK  restored.      And  should   the   delivery' 
pressure  lessen,  the  springs  overcome  the  pres* 
hVLVe  on  the   diaphragm,  and  open  the   valve 
until  equilibrium  is  restored.     The  diaphragm, 
therefore,  has  very  little  movement,  but  this 
slight  movement  is  multiplied  on  the  valve  a 
by   the  toggle  levers  j  j.     The  action  of  the 
spring  is  communicated  to,  or  resisted  by  the 
toggle  links  k,  k,  and  a,  a,  by  which  endlong 
pressure    is    exercised    against    them.       The 
delivery  pi-essure  is  regulated  by  these  springs 
hy  means  of  the  nut  K,  an  increase  in  ten- 
sion inci'easitig  the  delivery  pressure,       l  is  a 


safety  ring  to  prevent  accidental  buckling 
or  breaking  of  the  diapliragm,  m  is  a 
sci^w  for  closing  entirely  or  partly  the  port 
G  which  makes  communication  between  the 
valve  and  diaplii-agm  chambers.  The  open- 
ing N  at  the  bottom  of  the  casing,  clo&al 
with  a  ilange,  is  used  when  an  angle  valve 
is  required. 

Reduction.— Is  the  process  of  abstracting 
an  element  from  a  compound,  as  oxygen  from 
the  oxide  of  a  metal.     Reduction  is  thus  the 
reverse    of    oxidation.     Metals    are    obtained 
from  their  ores  by  heating  the  latter  in  reducing 
furnaces  in  contact  with  substances  having  an 
affinity  for  oxygen.     In  the  blast  furnace,  coal^ 
coke,  or  charcoal — all  forms  of  carbon — are  Uiied 
and  the  ore  is  deprived  of  its  oxygen  either  by 
carlj^in  or  by  carbon  compounds.      If   carlx>n 
and  oxygen  unite,  carbonic  oxide,  CO,  is  pro- 
duced—Fe.O^  +  3C  =  2re  +  aCO ;    if  carbonic 
4:jxide  unites  with  the  oxygen,  carbon  dioxide, 
CO.,  is   formed  —  Fe.O^  +  3C0  =  2Fe  +  SCO,, 
lliese  waste  gases  then  pass  ont  of  the  top  of  tlie 
furnace  and  are  led  aw^ay  for  combustion,  heating 
oi  kilns,  (tc,  and  the  driving  of  gas  engines. 
Refined  Iron.— iS'^e  Wroug^ht  Iron, 
Refrigerating    Machinery.  —  The    priTi 
ciples    of    refrigeration    have    been    exptaine*! 
under  the  articles  Ammonia,  and  Ammonia 
Machinery  for  Refrigerating  Purposes- 
The  pre.sent  article  s^  ill  tleal  wnth  some  of  the 
[nechanical  aspects  of  refrigei'ation  in  ge  nerval. 

As  previously  stated,  the  essential  elements 
are  three  in  number ;  the  rf/rt^eraior^  the  cmn~ 
pressor,  and  the  condefiser.  The  action  of  these 
is  based  on  the  principle  that  substances  in 
passing  from  the  liquid  to  the  gaseous  state 
(evaporation)  absorb  heat,  and  that  in  passing 
from  the  gaseous  to  tbe  liquid  condition  (eon^  ^ 
densation)  they  give  out  heat.  In  a  sent^, 
therefore,  a  refrigerating  plant  is  a  form  of 
heat  engine,  or  heat  pump.  Put  in  the  briefest 
terms,  w^e  can  see  that,  following  out  the 
analogy  of  the  steam  agent ^  the  efficiency  of 
a  refrigerating  plant  is  wholly  a  question  of 
difference  in  tempeyature^  the  difference  between 
that  of  the  refriget^tor  and  the  condenser,  just 
as  in  the  Camot  cycle  of  the  heat  engine.  Tlie 
question  of  the  agent  used,  ivhether  ammonia, 
or  CO.^  or  SO3,  is  identical  with  that  of  the 
agent  used  in  the  heat  engine,  whether  ste^m. 
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*jas,  i>r  air,  Alsij  it  is  nut  a  Liueslkiji  uf  obtain- 
ing theoretical  resulta^  but  of  what  can  he 
done  under  imf>erfect  practical  conditions.  The 
importance  of  *^c<>npniical  working  is  apparent 
'w^hen  the  fact  is  boroe  in  mmd  that  a  ton  of 
€X>al  is  consumed  in  making  from  8  to  10  tons 
of  ice,  Tu  refri^j'eration  which  is  effectetl  hj 
the  evaporation  of  a  lii^uid  it  is  essential  that  the 
liquid  should  have  a  veiy  low  boiling  pointy  other- 
"Wise  it  will  not  take  up  the  large  amount  of  heat 
necessary.  Carbonic  acid  has  the  low  boiling 
point  of  -125"*  Fahr,  The  latent  heat  of  a  sub- 
vtaiice,  or  that  which  is  absorbed  or  given  out 
without  raising  the  temperature  during  the  trans- 
formation of  a  ^lid  into  a  liquid,  or  a  liquid 
ieit<i  a  solid,  respectively,  is  of  value.  Tlie  latent 
heat  of  iee  is  142 '5  heat  units.  The  particular 
use  made  of  the  change  fn>m  the  liquid  to  the 
^jgpseous  condition  is  the  abstraction  of  heat 
^^nniif  and  the  refrigeration  of  the  substance 
r  siUTQUnding  the  agent.  Tliis  is  the  function 
erf  the  refrufer*ai<^r.  The  compressor  and  the 
condenser  are  simply  of  secondary  interest,  the 
functions  of  which  ai"e  to  i^estore  the  spent  gas 
to  its  original  liquid  condition.  ThiB  cycle 
goes  on  constantly  with  little  woate  of  the 
itge^t  used*  The  pump  and  condenser  are  not 
strictly  essential,  an<l  might  hx  fact  be  dis- 
pensed with  if  the  ammonia  or  carbonic  an- 
hjdiide  cost  nothing. 

The  AgmUs  of  H^ifjeraiitm.  —  Tliese  are 
ammonia,  carbonic  acid,  or  strictly  carbonic 
tftnhydride,  and  sulphurous  acid*  The  two 
first  agents  are  by  far  the  most  commonly  used, 
being  more  efficient  than  the  third.  Much 
liifferenee  of  opinion  exists  as  to  the  relative 
value  of  ammonia,  and  cai^bouic  anhydride. 
The  early  development  of  both  was  due  to  I)i* 
C.  von  Linde.  The  objection  to  the  first  is 
the  danger  due  to  the  poisonous  character  of 
the  ®is  in  the  event  of  esetipe.  The  Board  of 
Trade  do  not  allow  machines  u^ing  ammonia 
in  the  main  en^ne-rooms  of  vessels,  while  they 
permit  machines  using  CO.,  in  the  engine-room. 
But  the  fiiet  remains  that  ammonia  plants  are 
ti«ed  far  more  extensively  than  the  CO.j* 

Tkf  Et^p*.yrakv\ — Essentially  this  conipnses 
a  ret^tangular  vessel  containing  brine  (hence 
termed  the  b^*ine  ny^ttm),  and  traversetJ  by  a 
crontinuouii  neries  of  coils  of  pipe  thn>ugh  which 
the  ammonia,  or  the  carlHinic  aidiydnde  travels. 


The  evaporation  of  the  ammonia  in  its  passage 
through  the  coils  is  cf  used  by  the  great  differ 
ence  in  the  teniperatun?  of  it  and  the  bi*ine. 
The  salt  is  added  in  order  tt)  keep  the  solution 
from  freezing*  The  amount  of  salt  added  to 
the  water  is  regulated  by  the  temperature  at 
which  the  brine  is  re<|uired  for  use.  The 
higher  the  temperature,  the  less  salt  required ; 
but  the  highest  proportion  possible  is  25  per 
cent.,  because  that  is  as  much  ojs  water  will 
hold  in  solution  at  0'  Fahr.  Brine  h  used 
instead  of  pure  water  liecause  the  temperature 
of  its  fi'eezing  point  is  lower  than  that  of 
water.  Its  boiling  point  is  also  higher.  But 
as  already  stated,  a  solution  too  strong  will 
lower  the  specific  heat,  and  cause  risk  of  chok- 
ing the  pipes  with  deposit.  The  tables  show 
the  lowering  of  tlie  freezing  point  for  solutions 
of  different  strengths. 

HOLUTIOX   OF   CnLORinE   OF   SooiUM, 
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Brine  is  made  intliiferently  from  chloiide  of 
stidium,  or  chloride  of  calcium.  An  advantage 
of  the  latter  is  that  the  pipes  do  not  becx>me 
incrusted  so  badly  as  when  salt  is  used. 

The  effect  of  passing  the  ammonia,  or  the 
CO,,  through  the  coil  surrounded  with  brine  is 
that  the  brine  takes  up  heat  from  the  liquids, 
Since  ammonia  boils  at  -29'  Fahr,  the  brine  ia 
very  hot  by  comparison^  and  the  ammonia  ex- 
tracts heat  thereirom  as  long  as  it  is  in  contact 
with  the  brine,  or  until  the  latter  has  been 
i-educed  to  a  temperature  which  corresponds 
with  the  pressure  under  which  the  ammonia 
Ijecouies  gasified.  The  action  is  identical  with 
that  which  gc»es  on  in  a  water- tube  boiler,  only 
that  brine  takes  the  place  of  fire,  and  ammonili 
or  carbonic  anhydride  occupies  the  tubes  instead 
of  water.  In  the  one  case  the  vapour  of  water 
is  produced,  in  the  other  the  va{)our  of  NH^,  or 
of  CO,. 
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Though  the  temperature  of  the  brine  is  re- 
duced it  does  not  freeze,  and  is  now  available 
for  circulation  through  coila  of  pipe  carried 
round  the  chambers  which  Lave  to  be  cooled* 
The  circulation  is  the  function  of  the  /wnw/- 
pumpf  and  tlie  system  is  termed  the  brine 
irgsteni^  as  distinguished  from  the  direcf  e,i^pan- 
sion  sffstem.  In  the  hitter-  the  air  in  the 
ch^niber  serves  for  heating  the  ammonia,  the 
cnib  being  carried  round  the  chamber  ;  and  the 
brine  tank,  and  the  brine  pump  are  dispenswd 
with.  Brine  when  used  takes  up  heat  fi-om 
the  chambers,  cooling  them,  and  is  i^eturned  to 
the  brine  tank,  where  it  renders  up  heat  to 
the  ammonia,  or  the  CO.^. 

Compre$mr  Pump, — Tlie  function  of  this  is 
to  draw  off  the  gas  from  the  refrigerator,  and 
compress  anrl  deliver  it  to  the  condenser.  As 
these  pumps  work  under  great  pi^essures  they 
are  of  the  ram  type,  and  made  of  exceptional 
strength  from  bronze  alloy,  or  in  some  cases 
bored  irotn  sr^lid  steeh  The  suction  and  delivery 
valves  are  of  steel,  or  bronze  alloy,  on  bronze 
Beatings,  Tlie  ramrod  gland  is  packed  with 
hydraulic  leathers^  and  an  oil  chamber'  provides 
lubrication.  The  pump  is  belt  driven.  It  is 
made  either^  single,  or  double-acting. 

The  Condenmr. — In  this  the  gas  is  received 
from  the  pump^  and  circulated  through  a  coil 
of  pipe  surrounded  w^th  cooling  water.  There 
are  two  ftyatems  usedj  the  submerged j  and  the 
surface  evaporative,  or  open  air  type.  The 
first  is  fiubmerged  in  a  tank  of  water,  the 
second  is  in  the  open  air,  and  the  water  is  made 
to  trickle  doi^Ti  over  the  pipes  by  gravity.  Tlie 
first  is  preferable  in  situations  where  there  is 
an  ample  supply  of  water,  the  second  is  suitable 
for  the  opposite  condition.  The  first  has  the 
advantage  that  the  waiTn  gas  enters  the  pipes 
at  the  top,  and  the  cold  wat-er  enters  the  tank 
from  the  bottom,  and  thus  the  liquefierl  gas 
leaves  the  condenser  where  the  coldest  water  is. 
In  the  surface  eondenaer  the  water  trickles 
rlown  over  the  pipes,  and  the  liquefied  gas  and 
water  warmed  by  contact  with  tlie  pipes  part 
company  at  the  btittom,  which  is  not  so  etficient 
an  arrangement  as  the  former. 

Ice  Makh}(j. — ^Tliis  is  not  the  same  thing  as 
refrigeration  for  cold  storage,  though  the  prin- 
ciple adopted  is  identical.     In  many  cases  the 
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two  are  combined  in  one  plant.  Ice  is  manu- 
factured from  the  pure  drinking  waters  of  citiet$, 
or  from  artesian  wells,  und  is  therefore  mon- 
pui'e  than  ice  taken  frt>m  natuval  sources.  It 
is  also  made  in  the  locality  where  it  is  con- 
sumed, and  therefore  the  cost  of  transport  and 
extensive  storage  is  set  off  against  the  exj>ensc 
of  the  plant.  Manufactured  ice  will  laat  longer 
than  natural  ice. 

The  evaporating  coCa  of  pipes,  surr<;>unded 
with  lime,  are  enclosed  in  tanks  of  metal  or 
woml,  and  the  ice  moulds  are  submerged  in 
this,  and  the  water  so  frozen.  Moulds  are 
made  in  various  dimensions,  and  the  time 
occupied  in  freezing  depends  on  the  thickness, 
and  the  temperature  of  the  brine,  and  may 
range  fi'om  twenty  to  fifty  hours.  An  over- 
head crane,  or  tackle,  ia  fitted  for  lifting  the 
moulds  out  of  the  tanks.  The  machinery' 
required  is  similar  to  that  for  refrigeration, 
and  includes  compressor  puuip,  condenser,  and 
motive  power,  as  engine  and  boiler,  witJi  the 
necessary  piping. 

I  nidation.-  The  insulation  of  chUHng  rooms 
is  a  very  important  detail.  If  it  could  be 
made  perfect  there  would  be  no  loaa  to  make 
up  to  take  the  place  of  heat  absorbed  from 
without.  Hence  there  are  a  good  many  various 
arrangements  of  floors,  walls,  and  ceilings,  to 
maintain  a  low^  tempei-ature  as  long  as  possible. 
Because  of  thiiii  also  refrigerating  planta  are 
not  so  efficient  iii  tropical  cotiiitrie^  as  in  cold 
ones.  The  methods  of  insulation  adopted  are 
walls  of  boards,  three  or  four  in  number, 
ttmgued  and  grotived,  with  spaces  betwe^ 
each  wall  filled  with  some  insulating  substance. 
The  best  insulators  are  gi'ey  blotting-paper, 
air,  cotton,  granulated  cork,  pitch,  ehaitroal 
powder,  aawdtiat.  Windows  are  also  made 
with  two  or  three  separated  sashes,  leaving  atr 
spaces  between. 

It  is  almost  impossible  to  give  data  of  a 
general  character  relating  to  Lnstallationa  of 
refrigerating  plant.  Its  design  is  the  w^ork  of 
experts  who  ha\e  to  take  a  large  mass  of  data 
into  consideration  before  advising  on  the  sub- 
ject. The  particular  applications  of  refrigem- 
tion  require  modifications  in  detail.  It  finds 
application  in  cold  storage  of  many  kinds  of  pro- 
duce on  land  and  on  board  ship,  for  carcases  of 
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^Hbrnmals,  fish,  fruit ♦  vegetiiblps,  rlairy  pnHiuce, 
I^Pfts  weU  as  iceMimklngi  and  in  ^tuall  and  large 

installationa,  besides  wlijch  the  practice  of 
^^ different  firms  is  varied  in  regard  to  lM>th 
^pgeneral  designs  and  detailSf  and  in  the  utilisa- 

ticm  of  dlffereiit  sv>>tenis. 

Refuse  Destructor.— »V*v'  Destructor, 
Regenerative  Furnaces. — Ga.sfii'ed  fur- 
riiiC<?3S  ill  which  heat  that  \\ouId  otherwiKe  be 
lo^t  ij5  fifcored  in  a  chequer- work  of  brick,  to  be 
rendered  tjp  to  ga^  and  air  for  utilisation  in  the 
furnaces.     These  are  the  outcome  of  the  early 
^  efibrts   of   Sir   William    Siemens   to   design   a 
regenerative  stmm   engine.     Subsequently,  in 
concert  with  his  bnither  Frederick,  who   took 
^■Hut  a  patent  in  1856  ;  and  with  the  su Institution 
^^of  gaseous  for  solid  fuel  in  1861,  many  of  these 
fumaeciB   were   made,  and   weiT   in   succesnful 
opemtion    in    1802.     Originally   the   intention 
wsm  to  utilise  them  for  glass  melting  for  wliich 
work  Messrs  Chance  of  Birmingham  had  several 
built^     But  isteel  melting  liad  been  provided  for 
in    the   patent   of    186L     Home  years  elapsed 
Hbefor^  this  applicatiun  was  successful.     Messrs 
^*Pierre  k  Eknile   Bfartbi   of   SireuO,  Charente, 
nchieved   the   first   real   success   by  producing 
u|>en*he<arth  steel  w^irking  under  a  license  fix.nn 
Messrs  Siemeua,     Hiemens'  fii'st  patent  for  the 
^■iKi&nufaetureof  open-hearth  steel  was  taken  out  in 
^■867.     An  example  of  an  open-heai^th  furnace 
^Hp^ith  regenerators  if^  given  in  Yol.  VI.,  page  239. 
^B     Iti  chei|uer-work,  the  bricks  are  arranged  sn 
^•tli«t  the  air  spaces  alternate  with  the  bricks. 
The  niost  important  point  to  observe  is  to  have 
H^e  regenerative  surfaces  of  ample  area.     If  this 
^nn  done,  it  is  a  matter  of  less  imporUinee  whether 
thit  gas  regenerators  are   larger   than  the  air 
re^penerators,   which   is  often   the   case,     Tlie 
iraate  l^^es  iji  their  passage  are  drawn  down- 
wards; by  the  chimney  draught,  coming  in  at 
^- Uie  top,  and  passing  away  at  the  bottom  of  the 
^H^egenerators.     Hence   depth  i.^  essential,  deep 
^^eliambers  being  more  etBeient  than  shallow  one^, 
^Bt'^^n  thtiugh  of  the  same  areji.     The  temperature 
of  the  e^seaping  gasc*s  may  be  reduced  as  low  as 
3CH1'  Falir,,  while    the  upper  part   of   the  re- 
j^nerators   is   nearly    as   hot   as   the    furnace. 
le  prtjducer  gas  and  air  in  their  pai^sage  to 
le   funiace   are   being  simultaneously  heated 
another  pair  of  regeneratoi"v,  previously  heated 
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by  the  waste  gases,  and  Jin  ally  mingle  on  the 
hearth  of  the  furnace.  And  this  goe^  on  with 
i^versals  of  the  valves  occurring  ab<"*ut  every 
twenty  minutes.  The  relative  supplies  of  air 
and  gas  are  under  control,  so  that  reducing, 
neutral,  or  oxidising  flajues  can  be  tibtained. 
There  is  pi^actically  no  limit  to  tlie  temperature 
obtainable,  tlie  difficulty  is  to  preserve  the 
refmctory  materials  usefi  from  too  rapid  de- 
struction. The  amount  of  regenerator  surface 
requJi"^d  to  absorb  the  heat  generated  by  1 
lb.  of  coal  is  usually  reckoned  as  from  6  ft. 

t*>  a  ft. 
Register  Numbers,  or  Letters— Letters 

CAst  or  ht^imped  on  pieces  uf  work  for  the  pur- 
pose of  identilication  of  the  castings  or  forgings 
when  ordered  subse<|uently  for  repairs  and 
breakdowns.  They  also  facilitate  the  work  of 
fitting,  assembling,  or  erecting*  They  may  or 
may  not  be  associated  with  an  intercfiangeable 
system.  With  large  pieces,  strict  interchange- 
ability  is  scarcely  practicable  since  some  little 
easing  or  adjustment  may  be  raquiretl.  But 
the  smalJer  pieces  should  go  into  their  places 
wi  th  on  t  any  ad  Jus  t  men  t  or  correction .  Wl  le  t  h  er 
they  do  or  not  depends  on  the  system  of  manu- 
facture in  a  shop. 

Register  letters  are  cast  on  large  piecesj  and 
those  of  medium  size,  and  are  stamped  on  small 
parts  with  letter  stamps.  In  die -forged  articlee 
they  ca.n  often  \m  stamped  in  the  dies.  In 
east  work  the  letters  may  be  fitted  as  in  Name 
Plates.  But  it  is  a  common  practice  to  sink 
the  register  letters  slightly  below  the  surface 
in  a  neat  and  shallow  recess,  the  object  being 
twofold*  It  protects  the  letters  from  damage, 
but  the  principal  reason  often  Is  to  allow  metal 
for  machining  without  obliterating  the  letters. 

The  system  of  i^gistration  varies  in  different 
shops.  The  essential  is  to  have  someth  ing  which 
can  be  readily  identified*  Each  part  in  a  piece 
of  machinery  must  have  its  own  separate 
number,  except  in  those  instances  in  which 
several  parts  are  absolutely  identical  in  all 
respects.  But  each  part  of  the  machine  must 
also  ha^e  one  sign  common  t^f  that  particular 
machine^  or  class  of  machine.  Tliis  is  usually 
a  let^r,  or  letters  of  the  alphabet ;  so  that  the 
register  letter  and  nutul^r  in  combination  enable 
any  piece  to  be  identified  at  any  period.     The 
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different  parts  m-e  usually  ii  utii leered  uurrespond- 
ingly  OD  the  drawings,  and  time  and  matjerials 
may  be  charged  by  tlie  numbers,  singly,  or  in 
sets.  The  name^s  of  the  *1  liferent  parts  need 
never  be*  stated,  the  regi^st-er  numbers  being 
sufficient  for  identification. 

Reg'ulatOr^ — The  valve  which  admits  and 
controls  the  supply  of  steiim  from  a  kK?omoti\'e 
boiler  to  the  cylinders,  Sm  St63.ni  Regu- 
lator 

ReguIllS. — A  term  which  signifies  definitJ^ 
stages  in  the  reduction  of  the  metals  copper, 
and  antimony.  It  is  an  impure  product,  also 
termed  mntL 

Reheating. — "Relates  to  various  arrange- 
ments and  de^ice^  by  which  piles,  blooms,  and 
billets  o!  wnjught  iron,  and  ingots  and  slabs  of 
steel  are  raised  to  a  uniformly  high  temperature 
to  permit  of  reduction  in  the  hammers^  and  rolls 
of  the  forges  and  mills  to  the  dimensions  and 
shapes  in  which  they  are  UROfl, 

Reheating  Furnaces. — Furnace.sin  which 
steel  ingots,  slabs,  or  blwjmSj  or  iron  pila^  and 
blooms  are  reheated  thoroughly  tlimugh,  pre- 
paratory to  reduction  under  the  hammer,  or 
pressip  or  in  the  rn>lls.  They  ai-e  of  reverlxratory 
type»  but  differ  in  methods  of  firing.  The  older 
furnaeeii  were  coal -fired,  using  natural  draught, 
and  much  difficulty  was  experienced  in  proper 
i-egulation  of  the  heat  over  the  hearth,  while 
the  waste  of  fuel  and  by  oxidation  was  excessive. 
T\\e  first  improvement  in  these  was  the  intro- 
duction of  forced  di-aught  by  steam  jets  beneath 
the  grate  in  a  closed  ashpit.  By  this  means 
slack  can  be  used  instead  of  solid  coal,  with 
refluction  in  cost,  and  by  regulating  the  draught 
the  thickness  of  the  fire  is  under  conti^jl.  Air 
is  also  supplied  above  the  fuel  The  quantity 
as  well  as  the  cost  of  fuel  is  reduced,  and  the 
oxidation  is  leas. 

In  modern  slack-iired  furnaces  a  much  larger 
voUmie  of  heat  is  produced  than  can  l>e  utilised 
on  the  hearth,  Tliis  is  employed  for  raising 
steam  in  the  mill  boilers,  and  in  this  way  the 
amount  of  fuel  actually  used  in  reheating  may 
be  reduced  to  one-half  that  required  when  the 
wast©  heat  is  not  utilised  in  steam  raising,  and 
to  little  over  one-third  of  that  in  the  old  solid- 
fired  furnaces, 

Ga^- Fired  Ftint^iaen. — These,  fired  with  pro- 
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dueer  gas,  and  having  I'egenenatora  ai*e  dom 
largely  used.  The  regeneratora  are  built  under- 
neath the  furnace.  Tlie  diflrerence  between  a 
steel  making  furnace  of  this  type  and  a  I'eheat- 
ing  furnace  consists  chiefly  in  the  larger  dimeu 
sions  of  the  grate  of  the  latter^  because  the 
temperature  is  not  so  high,  and  the  grate  i* 
not  sunk  below  the  level  of  the  charging  doors. 
The  great  advantages  are  that  the  inferior  fuel^ 
used  in  making  the  producer  gas  yield  ooiii< 
bustible  gases  of  a  higher  calorific  intensity  than 
they  would  do  if  burnt  in  their  natural  state, 
and  that  the  temperatures  required  can  be 
regulated  exactly  by  the  jjassage  of  the  air  and 
gas  through  the  regenerators. 

The  Boi^tius,  and  the  Eicheroux  I'eheating 
furnaces  have  been  adopted  extensively  on  the 
Continent^  but  they  have  fallen  generally  into 
disuse.  They  aimed  at  economy  in  constmctiou 
by  making  the  gas  producer  a  part  of  the 
furnace,  and  avoiding  the  use  of  regeueratoii5. 
The  gas  passed  directly  to  the  hearth,  and  the 
airj  heated  in  flue^  in  the  furnace  walls,  met  the 
gas  at  the  fire-bridge.  Recent  furnaccvi  which 
do  not  use  regenerators  are  the  Pietzka,  and 
the  Hoi  lis. 

Reheating  is  avoided  in  the  case  of  large 
ingots  by  checking  the  ratliation  of  the  heat  of 
the  outer  portions,  until  the  heat  of  the  iniicr 
body  is  transmitted  thi'ough  the  outer.  The 
idea  was  due  to  Mr  Ojers,  and  is  practised 
extensively.     See  Soaking  Plt^ 

ReinS'^ — The  handles  uf  withy,  or  iron,  of 
smiths'  tools. 

Relief— 'Angle  of.— *SV^'  Angles  of  Cut- 
ting Tools. 

Relief  Frame,  —  S*ie  Balanced  Slide 
Valve. 

Relief  Valve,  or  Escape  Valve.— A  amall 
lift  valve  held  down  by  a  spring  of  definite 
strength  which  yields  wlien  a  certain  pressure 
is  reached.  Such  valves  are  fitted  to  lai^ 
engine  cylinders,  to  allow  the  escape  of  water 
from  priming  or  condensation.  They  are  at- 
tachetl  to  both  ends  (jf  the  cylinders.  Helief 
valves  ai^  also  fitted  ti}  some  pumps  to  permit 
of  escape  i>f  fluid  when  the  pressure  exceeds  a 
certain  amount. 

Relieving  Lathe.  —  See  Backing  -  off 
Lathe. 
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Repose— Angle  of  — Hie  angle  of  friction. 

S€m  Coefficient  of  Friction. 

Repulsion  Motor  —One  in  which  the 
stationary  circuit  is  used  iis  a  primary  circuit 
energised  by  the  main  eircuiti  and  in  which 
the  armature  is  closed  upon  itself  ai  secondary, 
by  short^ircuiting  tht*  bruiihesi.  The  hy^iteresis 
hiss  of  the  repulsion  motor  ia  lower  than  that 
of  a  similar  motor  designed  as  a  compensated 
series  motor. 

Residual  Magnetism. — It  is  found  that 
immediJitely  after  a  i^tnmg  magnetic  force  has 
been  applied  to  iron,  the  metal  poitsesses  a 
greater  degree  of  magnetic  strength  than  it  can 
permanently  retain.  After  a  time  this  excess 
of  strength  is  lost^  and  the  term  '*  residual 
magnetism "  Ls  applied  to  wliat  permanently 
remains. 

Resin^ — Aliso  called  i-osin,  Tt  is  a  com- 
pound of  carlwiu,  oxygen,  and  hydrogen,  occur- 
ring naturally  as  an  exudation  from  coniferous 
and  other  ti^ees,  and  hardening  on  exposure  to 
air.  It  is  a  trjiushicent  suV>stanee  of  vitreous 
fracture,  scarcely  odoiii>us,  yellow  or  bi'own  in 
colour,  and  possessing  a  slight  taste  of  turpen- 
tine. The  hard  I'esins  are  used  for  varnishes^ 
the  softer  oleoiTsins  and  Hemi-fluid  balsEmn  for 
pharmaceutical  and  scientitic  purposes.  Amber, 
African  copal,  and  kauri  gum  are  fossilised  i^^ins. 
Resin  is  used  as  a  flux  in  soldering.  Tt  is 
w\m>  used  aa  a  belt  dressing  when  mixed  with 
tallow. 

Resist0.DCe  Box. — A  set  of  resistance  coils 
mounte^l  in  a  frame  or  case;  also  called  a 
rheostat,  German  .'silver  is  the  material  usually 
employe'I  for  the  coils,  and  they  are  simple 
spirals,  or  are  wound  on  liohbins.  The  strength 
of  a  current  is  thus  varietl  by  moving  a  switch, 
which  connects  up  or  cutj*  out  the  coils  in 
succession ;  a  sej»arate  Controller  may  be 
used  for  this  purpose.  The  ordinary  resistance 
fr&me  is  of  cast  iron  with  slate  slabs  bolted  at 
opposite  side^  and  having  bolts  which  receive 
the  ends  of  the  coils*  The  switch  is  fastened 
ta  a  slate  slab  below,  and  the  contact  studs 
connect  to  the  coils  above. 

Resolution  of  Forces,—**?*?^  Force^ 

Rest  — *^V  Slide  Rest,  Tool  Boxes. 

Retaining  Walls.  — A  retaining  wall  is 
a  brick,  stone,  or  concrete  wall  intended  to  sus- 


tain the  pressure  of  earth,  sand,  or  vvater. 
But  the  last-named  is  gejiei^ally  called  a  dam* 
Assuming  that  a  wall  for  any  of  these  purposes 
is  safe  from  sliding  or  settling  into  the  soil  the 
danger  to  be  enconntered  is  that  of  its  being 
overturned.  In  calculating  the  forces  acting  on 
a  retaining  wall  it  i«  usual  to  consider  only  one 
foot  length  of  the  wall  \  the  number  of  cubic 
feet  in  the  w^all  is  then  the  number  of  square 
feet  in  the  cross  section.  In  the  case  of  a  dam 
the  pi'eswure  of  the  water  against  it  will  vary  at 
diflFerent  depths,  l^eing  least  near  the  surface 
and  greatest  at  the  foot  T^e  average  pressure 
will  be  half  the  depth  multiplied  by  62*5  lb,, 
the  weight  of  a  cubic  foot  of  water  ;  the  total 
pressure  will  then  be  the  area  of  wette<l  sui'face 
K  average  pressure. 

The  pressure  of  the  water  tends  to  overturn 
the  wall  on  its  edge.     This  is  resisted  by  the 
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Fig*  2aa.-~B«taining  Wall* 


weight  of  the  wall  acting  at  the  centre  of 
gravity.  If  the  moment  of  P  exceeds  that 
of  W  the  wall  is  unstable.  A  simple  method 
of  testing  the  stability  of  i*etainLng  walls  for 
water  by  the  application  of  the  resolution  of 
forces  is  dejscril>ed  under  Dam^ 

The  case  of  a  retaining  wall  for  earth,  <jbc*, 
differs  from  that  of  a  wall  supporting  the  pres- 
sure of  water*  Tlie  pressui'e  sustainexl  by  such 
walls  depends  on  what  is  known  as  the  **  natural 
slope "  of  the  material  supported.  This  is  the 
slope  which  a  bank  of  sand,  earth,  clay,  gravel, 
Jm3*,  would  eventually  acquire  and  permanently 
I'etain  if  left  exjiosed  to  the  weather*  The  angle 
varies  for  diiferent  materials  j  for  gravel  it  is 
35M8%  for  sand  21^3T^  earth  29^40%  damp 
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clay  i5\  an<l  u\  oti,  Tlie  angl*^  uf  natural 
slope  is  first  set  off,  Fig.  205,  FDli.  As  regurdis 
presatire  against  the  wall,  the  wedge  of  earth 
FDH  may  clearly  be  neglected,  but  the  wedge 
FDB  tend«  to  slide  cIot^ti,  and  it  is  this  prejisure 
which  the  wall  has  to  sustain.  It  is  found  m*>re- 
iiver  that  the  greatest  pressure  is  re€eive<i  fioin 
the  wedge  bdk,  which  is  \  bijf.  For  if  the  wall 
were  overturned,  ijk  would  be  the  line  of  ifriMiture 
in  the  earth  and  conae^iuently  it**  tefnp<:irarT  but 
not  final  slope,  dk  is  therefore  called  the  line 
of  rupture. 

The  calculation  %^  the  pressure  of  earth  can 
at  most  he  only  appi-oxiniate.  Rain,  frcjst^ 
drought,  affect  tlie  weight,  and,  of  course,  the 
angle  of  slope,  so  that  a  wide  margin  of  safety  i.^ 
allowed.  Of  many  formuhe  the  following  is 
largely  used: — 

p_  weight  of  trill  iigular  pri»m  of  earth  BDK  *t  BK 
^^  ~~  Bl) 

As  in  the  case  of  dams,  this  force  is  considered 
to  be  apphed  at  a  point  one-tliird  up  from  D. 
For  the  resistance  of  the  wall  a  vertical  line  \^ 
droppefi  from  the  centre  of  gravity  to  cut  the 
horizontal  line  of  forc*^,  and  from  this  point  the 
thrust  of  the  earth  and  the  weight  of  the  wall 
are  set  off  to  scale,  the  parallelogram  completed 
and  the  resultant  drawn.  The  point  at  which 
the  reauttant  cut»  the  base  m  al important.  In 
dams  it  is  advisable  that  it  sliould  cut  within 
the  mi<idle  third  of  the  liase.  In  walls  for  earth 
a  point  from  the  edge  one-fourth  or  even  one-fifth 
is  pemiis.siLle,  but  much  depends  on  the  masonry, 
the  foundfbtion,  and  whether  or  not  the  material 
will  bear  any  tensiun* 

Retort  Charger, — A  form  of  mechanical 
stoker,  eniployed  for  charging  gas  retort*.  Both 
manual  and  power  driven  maohines  are  used, 
the  former  for  small  works,  Tlie  charger  runs 
either  uptm  rails  on  the  floor,  or  on  suspended 
tracks,  and  comprises  a  framework  carrying  a 
hopper  mth  a  supply  of  coal,  which  is  fed  on 
to  the  charger  proper,  consisting  of  a  long 
carriage  made  with  a  couple  of  semicircular 
scoops ;  these  receive  the  coal,  and  are  pushed 
into  a  retort,  after  which  they  are  caused  to 
fall  apart  and  so  drop  and  distribute  the  coal 
evenly  in  the  rettjrt.  Withdrawal  is  then 
effected ,  the  machine  being  moved  along  to 
another  retoi*t.  Elevating  mechanism  is  pro- 
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vified  for  raising  or  lowering^  the  scoops  to  suit 
the  heights  of  the  different  tiers  of  retort*. 
Power  driving  systems  include  ropes,  eorapreaeed 
air,  and  hydrauhc.  In  the  first  system  the 
rotx^fi  run  the  length  of  the  retort  house,  and 
transmit  jxiwer  to  shafts  on  the  chargei^s,  from 
which  bt^lt  pulleys  operate  the  movements  of 
travelling,  elevating,  and  charging.  In  tl»i* 
comp'mssett  air  machines  the  power  is  conveyed 
through  flexible  hose  to  a  motor  on  the  charger, 
which  performs  the  functions  of  ti-avelling,  and 
of  elevating,  and  an  air  cylinder  does  the  chai^^ 
ing,  through  the  medium  of  a  rack  and  pinion, 
and  chains.  The  hydraulic  method  also  inehide?i 
a  cylinder  for  performing  theclmrging  operattou. 
Dniwing  jiiachines  are  of  simpler  f*onst ruction 
than  cliargers ;  they  are  pi*ovided  with  a  rake 
for  drawing  the  coke  from  the  retort* 

Return-Tube  Boiler —A  Ixiiler  in  which 
the  pro^hiets  of  cnrnbustion  return  from  the  rear 
end  of  the  furnace  through  tubes  which  traverse 
the  water  space  above  the  furnace,  and  thenee 
pass  intt*  the  smoke-box  and  chimne}'.  For  an 
exftm]jle  nrj^  Scotch  Boiler- 
Re  verb  eratory  Furnace* — Also  called  air 
furivace^  because  natural  draught  only  la  used. 
It  is  a  furnace  in  which  the  fire-gi^te  is  sepa- 
rated from  the  hearth^  or  ^of,  so  that  the  ore  or 
metal  on  the  hearth  i«  not  brought  into  contact 
witli  the  fuel.  The  hearth  is  separated  from 
the  tire-grtite  by  a  low  bridge,  over  which  the 
flames  pass  u])  to  the  roof,  and  the  latter  is 
arched  downwards  towards  the  farther  end 
where  the  chimney  is  situated.  The  arch  and 
the  sides  being  built  of  brick-work,  retain  heat» 
which  with  the  hot  gases  is  defiected  on  the 
hearth.  Particular  fonns  ami  proportions  are 
varied  to  suit  different  metallurgical  pn->cease3, 
but  the  general  design  is  on  these  broad  line^. 

lleverberatory  furnaces  are  used  for  reducing 
ores  of  several  kinds,  for  making  steel,  and  for 
melting  metals  and  alloys  which  would  become 
injured  by  contact  with  fuel.  It  is  often  em- 
ployed alternatively  to  crucibles,  as  when  lai^ 
quantities  of  brass,  gun  -  metal,  and  steel  are 
wanted  for  heavy  castings.  When  cast  iron  is 
required  very  pui^e  it  is  melted  thus.  I^arge 
masses  of  scrap,  also,  which  cannot  be  broken 
readily  are  of  tan  melted  on  the  hearth  of  one  of 
these  furnaces.     Aluminium  is  thus  melted  for 
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fcrtindiy  use.  Tbe  bK>iier-maker  and  plater  heat 
plates,  angles,  channels,  and  all  ©eftional  forms 
for  bending  in  this  fiimaoe.  Coal,  coke,  and 
producer  ga^  are  variously  used  for  fuel. 

Reversing^  Reversing  Devices,— The^ 
wcupj  a  place  of  incr easing  importance  in 
modern  niechanism,  a?5  greater  demands  are 
being  made  upon  self-acting  movements,  or  ac- 
celemtion  of  i-everssals.  The  n^^essifcy  applies  to 
neiarly  all  maehiues  and  machine  tools,  the  move- 
ments of  which  cannot  go  on  for  ever  in  one 
direction.  Either  the  tool  or  the  work  must  ^3e 
brought  back  to  the  point  from  which  it  started^ 
ftt  definite  and  regular  intervals,  Thi^  is  in 
miuLj  cases  aecomplisiied  by  the  intervention  of 
the  attendant^  but  in  a  greater  number  of  in- 
stances it  is  effected  by  devices  embodied  in  the 
iictnal  movementii  of  the  machine. 

Hmid-^percUed  fievermh. — A  familiar  example 
is  affoixied  by  the  slide  rest  of  a  lathe  which  is 
racked  back  by  hand  as  often  as  a  fre^h  sliding 
traverse  lias  to  be  taken.  The  clasp  nut  is 
thrown  out  from  connection  with  the  lead  screw 
when  screw  cutting  is  l^eing  done,  and  after 
nicking  back,  ia  thrown  in  again,  So  the  cross 
traverse  of  the  slide  rest  is  run  back  by  hand 
between  each  cut.  As  in  the  lathe,  so  in  many 
other  machine^i,  rapidity  of  reverse  is  effected 
bj  means  of  a  rack  in  preference  to  using  the 
alower  ^rew.  Sometimes  a  quick  pitch  screw 
U  fitted  for  i*e versing*  A  frequent  de^^ce  for 
reversing  h  a  nest  of  bevel  gears  enclosing  a 
friction  or  claw  clutch,  operateti  by  a  hand  lever, 
whence  movement  is  communicated  to  the  screw 
used  for  traverse  and  reverse*  The  device  of 
rerversal  by  belt  shifting  from  a  countershaft 
in  &nii1jarf  open  and  crossed  belts  driving  in 
opposite  directions,  or  reversal  by  gears  from 
ft  single  beltf  and  this  is  common  in  many 
maciiine  drives. 

lArge  numVjers  of  reversakj  though  effected 
by  power,  require  the  intervention  of  the  attend- 
Htit  to  throw  difierent  sets  of  toothed  gears  into 
Ipogagement^  or  to  operate  link  reversing  motions, 
or  to  admit  steam  to  reversing  cylinders,  or  to 
throw  over  belts.  Tn  many  cases  this  must  be 
mo,  as  in  the  lifting  and  lowering  of  ci^anes,  of 
slewing  in  opposite  directions;  in  revei-sing 
roliing  mOb,  or  in  reversing  marine  engines, 
lione  of  which  operations  can  be  timed  to  take 


place  at  defmite  periods,  but  must  be  effected 
to  correspond  with  operations  and  movements 
which  are  alivaja  of  a  variable  character.  In 
all  these  cases  the  problems  tu  be  s^olved  are 
rapidity  J  precision,  and  ease  of  movement 

S€if-€tc(iruf  ReverHaI.s. — These  include  an  im- 
mense number  of  designs,  having  for  their  object 
the  semi-  or  complete  automatic  action  of  the 
machin<^s  to  which  they  are  fitted. 

Generally  some  form  of  trip  ib  de^^igned, 
actuated  by  dogs  on  a  rod,  which  are  set  in  such 
petitions  on  the  rod  that  they  cannot  fail  to  be 
struck  by  the  movement  of  the  carriage  which 
carries  the  tool  or  the  work.  As  the  dogs  are 
clamped  to  the  rod  the  movement  which  they 
i*eceive  Ls  communicated  to  the  rod.  This  is 
then  transmitted  directly  to  whatever  type  of  i^- 
veraing  mechanism  is  embodied  in  the  machine  ; 
whether  a  clutch  and  bevel  gears,  worm  gears, 
with  a  drop  worm,  open  and  crossed  belts 
driving  a  screw  direct,  or  dri\ing  a  train  of 
spur  gears  J  or  an  open  belt  driving  reversing 
gears,  or  to  turn  a  turret.  The  dogs  need  not 
be  on  a  straight  rod,  but  as  in  some  turret 
lathes  may  be  adjusted  on  the  edge  of  a  rotating 
disc.  Or  cam  movements  are  used  for  the  tra- 
verse and  i-e verse  of  a  tool,  or  work  slide. 

Generally  the  rate  of  reverse  is  more  rapid 
than  that  of  cutting,  the  limit  to  this  rate  being 
either  the  amount  of  shock  the  mechanism  will 
stand,  or  the  amount  of  powder  required  tu  effect 
reversal.  The  highest  speeds  of  reversal  ix^cur 
in  the  pneumatic  tools— the  chisels,  and  caulkers. 
In  a  few  machines  cutting  is  made  to  take  place 
on  both  strokes,  and  then  the  rates  of  reversal 
and  cutting  ai'e  alike.  80  too  in  reversing 
rolling  mill  engines,  no  difference  is  made.  In 
nut  tapping,  and  much  screwing  the  reversal 
is  quicker  than  the  cutting.  But  in  a  great 
deal  of  screwing  tlie  dies  are  opened,  and  thrown 
off  clear  of  the  work  without  reversal. 

The  Reversal  af  Reciproealing  Farts^ — This 
is  better  understood  than  formerly.  Tn  brief, 
the  principle  is  the  cushioning  of  the  action 
just  at  its  termination ;  or  the  utilisation  of 
the  momentum  of  the  parts  to  lessen  the  shock 
of  reversal,  Tlie  most  familiar  example  of  the 
first  is  in  the  steam  engine,  in  which  the  open- 
ing to  steam  by  the  lead  of  the  valve  just 
before   the  termination   of  the  piston  stroke, 
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j^iftly  cusliiona  the  movement  of  the  piston 
imniediately  prior  to  its  reversal.  The  other 
is  that  effected  by  mechamsma,  some  modem 
exntnples  ol  which  aj*e  illustrated  under  Plan- 
ing Macbines^ 

The  influence  of  moraentum  and  inertin.  of 
uio%'iiig  parts,  due  to  their  weighty  and  velocity i 


Fig-  2l)ti. — Reversing  Engine. 

to  which  must  be  added  the  driving  pi^essiire 
exercised  on  thein,  whether  ate^ni,  or  belt 
power,  increjises  as  the  s^uai*e  of  the  velocity* 
Hence  the  problem  involved  is  to  keep  down 
the  weights  and  speeds  of  the  parts  as  much  ab 
poisaible.  kSpeed  can  be  increased  if  weight  ia 
lessjcnedj  and  mjc^  \mr»a.  But  high  speeds 
I'equire  high  pressures.  It  is  possible  to  so 
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regulate  the  piston  iipee<l,  the  weight  of  tlir 
reciprocating  parts,  the  st€$am  presstire  on  the 
piston,  the  point  of  cutMjff,  and  the  amount  of 
lead  as  to  obtain  smooth  running  at  the  highest 
speeds.  It  is  understood  that  cranks  must  he 
properly  counterbalanced,  and  the  pistons  akij 
in  compound  engines.  Tlie  locomotive  engine, 
the  triple  and  quadruple  expansion 
marine  engines,  the  reversing  rolling 
mill  engines,  and  the  high-speed 
engines  for  electric  lighting 
afford  the  best  examples  of 
reversing. 

In  planing  machines^  \t\ 
addition  to  the  devices  shown 
under  that  head,  there  is  an  in- 
teres  ting  and  successful  design 
termed  the  MiUikfUl  drhn^  which 
embodies  heavy  rotating  reversing 
partes,  and  which  is  fittexi  as  an  ex- 
traneous addition  to  any  machine, 
and  utilises  its  momentum  for  tlus 
purpose  of  easy  reversal. 

Reversing  Engfines- — lu  the 

marine  service  thase  are  small 
engines  used  for  reversing  the  rota- 
tion of  the  uuiin  engine.  Only  in 
the  smallest  engines,  or  those  under 
about  100  HP.,  can  reversal  by 
hand  be  effected.  It  is  usual  in 
all  others  to  fit  an  engine  to  act  on 
the  w^eigh-shaft,  causing  it  to  re- 
\'erse  the  slot  links  which  actuate 
the  slide-valves. 

The  simplest  gear  ia  that  in 
which  a  steam  cylinder  is  fitted  t"* 
the  ordinary  hand  gear*  But  this 
alone  is  not  quite  luitable  for  large 
engines  because  the  steam  cylinder 
is  apt  to  overnin  and  damage  th^ 
gear.  Hence  it  is  lietter  U>  con- 
trol the  steam  piston  by  a  brake 
piston  in  a  second  cylinder.  This  is  the  principle 
\\i  Bmwn^s  reversing  gear.  In  this  gear  the 
valve  motion  of  the  steam  cylinder  is  actuated 
by  a  hand  lever,  and  the  amount  of  move- 
ment of  this  lever  controls  a  siinOar  movement 
of  the  link  motion.  Side  rods  on  each  side 
of  the  piston  rod  are  connected  directly  to 
levera   on   the   weigh -shaft.      The   engine    is 
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attached  directly  to  the  A  flumes  of  the  main 

Fig.  *206  illustrates  Brown *!3  patent  com- 
bined steam  and  hydi*aulic  reveraing  engine. 
It  is  fitted  with  independent  hand  gear,  and 
automatic  eut-off  gear.  The  engine  is  attached 
to  the  bedplate  or  col u inn  of  the  main  engine 
by  the  oscillating  Joint  a,  formed  on  the  end 
of  the  steam  cyhnder  b.  The  piston  rod  c  has 
eottered  to  it  a  bhitk  piston  d,  working  in  the 
hydraulic  eylinder  f;,  the  fluid  being  allowed  to 
pass  from  one  end  to  the  other  of  the  cylinder 
E  by  means  of  a  small  hole  bored  in  the  piston 
D*  The  rod  c  passes  through  staffing  boxes  on 
the  steam  and  hydraulic  cylinders,  terminating 
in  a  joint  f  pivoted  to  the  weigh -.sh aft  lever  o, 
^B  ^  being  the  shaft.  The  other  end  of  the  lever 
^His  jointed  at  J  to  the  rod  and  rack  K  gearing 
f^  with  its  pinion ^  both  being  shit>nded  to  the 
^^  pitch  line*  Upon  the  pinion  shaft  is  keyed 
^■m  worm  wheel  Uf  which  is  actuated  by  the 
^^Tirouie  worm  H  revolved  by  the  hand- wheel  o. 
The  wurm  and  hand- wheel  shaft  are  thr4Jwn 
out  of  gear  with  the  worm  wheel  by  the  eecen- 
tiic  p,  whieli  is  turned  by  the  handle  q,  and 
I  hdd  in  pofiitian  by  the  check  pin  r.  When 
I  tJie  hand -wheel  and  worm  are  disengaged, 
^^  the  i-ack  and  worm  wheel  are  free  to  revolve 
^B'when  the  engine  mak^  a  stroke  either 
^^ T^ay.  This  hand  gear,  therefore,  forms  no  in- 
I  tegral  part  of  the  starting  engine,  and  is  un- 
I  affect4?d  by  any  deiungement  of  either  hydraulic 
or  steam  cylinder,  or  the  steam  valve. 

A  locking  ari'angement  on  the  hand  gear  is 
provided,  so  that  the  main  valve  gear  c!an  be 
^^  linked  up  in  any  position  of  the  ahead  stroke. 
^HThis  consist's  of  a  pawl,  s,  which  is  made  to 
^^  engage  the  teeth  of  the  rack,  an<l  the  engine  is 
I  held  up  against  the  puwl  l)y  reason  of  the  slide- 
I  valve  being  left  slightly  ^ipen  to  steam.  The 
pawl  is  pn>vided  with  a  balance  weight  T,  so 
th&t  un  the  engine  being  reversed  for  the  astern 
position^  the  weight  immediately  pulls  the 
I  pfliwl  out  of  gear. 
^H  The  hydraulic  cylinder  is  kept  charged  by 
^Hfiieans  of  the  condensed  steam  in  the  bottom 
^Bof  the  \Tilve  easing,  being  driven  by  the  steam 
F  through  the  non-retnm  \'alve  u,  and  led  by  a 
I  ^uial)  copper  pipe  as  shown  into  the  lower  end 
of  the  cylinder. 


The  engine  is  handled  by  a  simple  reversing 
lever  v,  which  is  connected  by  two  links  to  the 
fulcrum  of  a  lever  at  w.  This  lever  1ms  its  end 
extended  to  x,  which  is  connected  directly  by  a 
link  to  the  valve  spindle  Y.  A  curved  link  z 
is  securely  attached  to  the  lever  w,  x,  and  on 
this  there  slides  a  block  »,  which  is  carried 
from  the  piston  rod. 

The  action  of  this  valve  gear  is  as  follows : — 
When  the  lever  v  is  pulled  into  the  aliead 
position,  the  lever  w,  x,  which  is  attached  to  the 
curved  link  z  sliding  in  the  block  a,  is  depr^sed. 
The  valve  spindle  is  also  moved  down,  opening 
the  top  end  of  the  cylinder  to  steam.  The 
piston  rod  now  begins  to  move  down  and  carries 
with  it  the  guide  block  a^  which  forces  the  end 
of  the  curved  link  to  move  into  the  centre  line 
of  the  block,  thus  moving  the  point  x  of  the 
lever  w,  x  in  an  upward  direction,  the  fulcrum 
at  w  by  means  of  the  reversing  handle  v  being 
held  stationary.  In  tliis  way  the  valve  spindle 
Y  is  brought  back  into  its  original  position,  thus 
bringing  the  engine  U>  rest.  The  same  opera- 
tion is  performed  for  the  astern,  or  any  inter- 
mediate position. 

It  will  be  seen  that  there  ai*©  only  three 
joints  in  the  valve  gear,  apart  from  the  sliding 
block  a,  and  there  is  no  revolving  motion  of  the 
valve  rod,  as  in  the  old  cut-oflf  with  the  spii^al 
and  nut,  which  caused  considerable  friction  and 
wear  and  tear. 

A  reversing  engine  of  which  large  numbers 
have  been  made  actuates  the  reversal  of  the 
weigh^haft  thi-ough  a  worm  and  wheel,  The 
worm  is  on  the  crankshaft  of  the  reversing 
engine,  and  the  wheel  has  its  bearings  in  a 
convenient  position  in  the  framing  of  the  main 
engine,  A  stud  on  the  disc  of  the  worm  wheel 
receives  one  end  of  a  connecting  rod,  the  other 
end  of  which  is  attached  to  a  lever  on  the  weigh' 
shaft  The  worm  wheel,  being  thus  revolved 
by  the  engine,  oscillates  the  weighHshaft,  and 
reverses  the  links.  A  reversing  engine  must 
be  prompt  in  action^  so  that  the  main  engines 
shall  be  capable  of  reversal  and  moving  full 
speed  astern  within  thirty  seconds. 

A  detailed  drawing  of  a  reversing  engine  of 
the  last  named  type  is  illustrated.  Fig.  207.  It 
is  by  Messrs  William  Doxford  k  Sons,  Ltd., 
who  fit  this  type  to  all  engines  up  to  2,000  HP, 
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The  cylinder  casting  a  is  in  one  with  its  valve     The  piston  p  of  the  reversing  cylinder  is  a  oom- 
casing  B,  and  with  the  steam  chest  c,  which     bination  of  the  flat  and   trunk   forms.     The. 


to 


C? 


contains   the^ reversing   valve   d.     This   valve      trunk  is  rendered   steam   tight  by  a  stufling 
controls,  the  steam  supply  to  the  piston  valve  e.      box,   neck   ring,   and   cover.     The  connecting 
206 


Rev 


FMACTJCAL    ENGINEERING. 


Rho 


n>d  o  is  fitted  in  gas  engine  style.  The  eccentric 
rod  fl  for  the  piston  valve  is  shown  separately  ; 
th©  tRivel  ^i  the  valve  is  1 1  in.  The  crank  and 
its  bearings,  the  worm,  and  other  details  are  all 
Ap|>arent 

Reversing  Roiling  Mill— Though  many 
continuous  milk  have  been  electrically  driven, 
it  is  only  within  al)out  a  twelvemonth  that 
electricity  has  been  suceesafully  applied  to  re- 
versing  mills  on  the  Continent.  At  the  present 
time  there  ai'6  four  mills  tif  this  kintl  in  <ipera- 
tion  in  Auatria  and  Germany,  and  the  success 
achieved  warrants  the  belief  that  thii*  method 
of  operation  will  soon  begin  to  supersede  that 
of  the  ste^m  engine.  iSsp  Rolling^  Mill 
£  amines.  It  has  many  advantages  Ijesides 
that  <A  economy.  The  condition  which  L§  most 
favourable  to  its  adoption  is  that  of  firms  who 
have  their  own  blast  furnaces,  the  waste  gases 
of  which  can  be  utilised  for  driving  gas  engines 
for  generating  electricity.  But  when  this  con- 
dition is  not  present,  the  erection  of  a  generat- 
ing plant  will  l>e  found  economical,  because  le^s 
steam  is  wanted  for  producing  the  quantity  of 
electricity  retjuired  for  motor  driving  than  for 
driving  a  steam  engine.  The  latter  is  very 
wasteful,  due  to  the  rapid  reversals  and  inter- 
mittent working.  By  substituting  the  motor 
drive,  a  great  reduction  can  be  made  in  the 
Dumber  of  boilers  required,  with  saving  in  ctjst 
of  upkeep  and  in  space.  In  the  installation  at 
the  Ilildegarde  works  in  Austrian  Silesia ;  of 
fifty -four  boilers  originally  in  uae,  seventeen 
only  were  retained  when  the  greater  part  of 
the  works  had  Ijeen  converted  to  electric  driving, 
&ad  these  may  be  reduced  still  further.  A 
Kteam  turbine  generating  plant  was  installed 
here  for  loca.1  reasons  in  preference  to  a  gas 
engine.  The  original  reversing  steam  engine 
r»n  at  100  revolutions  per  minute,  the  speed  of 
tlie  mill  was  increased  to  1  !20  revolutions  when 
tiae  motor  drive  was  substituted. 

The  difficulties  due  to  the  excessive  |:icak 
loads  correifponding  with  rolling  and  reversing 
are  surmounted  by  a  tly wheel  balancing  plant, 
on  the  Tlgner  system,  w^hich  reduce-s  them  to  a 
comparatively  low  and  straight  load  line.     In 

is,  a  three-phase  motor  is  coupled   through 

wo  liea\"y  flywheels  to  two  continuous  current 

generators     flanking     the     flywheels.       These 


wheels  weigh  26  tons  eadi.  The  I'esult  of  the 
introduction  of  the  balancing  system  is  economy 
in  current  used.  Though  the  rolls  may  take 
momentanly  as  much  as  8,000  or  10,000  HR, 
the  energy  taken  from  the  electric  mains  is 
only  about  one  tenth  of  that.  The  load  varies 
from  zero  to  8,000  HP,  in  fi\>m  two  to  three 
seconds,  the  rolls  passing  fixjni  a  state  of  rest  to 
1 10  revolutions  in  that  period.  The  controlling 
apparatus  is  extremely  easy  to  manipulate, 
comprising  only  the  to-and-fro  movement  of  a 
single  lever.  As  the  ci>ntrt>l  is  exejx;ised  through 
the  balancing  systam,  the  current  winch  has  to 
be  controlletl  never  exceeds  150  amperes,  against 
from  8,000  to  10,000  amperes,  which  is  the 
strength  of  the  main  current.  The  method  of 
working  out  the  electrical  details  may  be  studied 
in  a  paper  by  Mr  Bigge  re^  before  the  Iron 
and  Steel  Institute  tm  9th  May  1907, 

Revolving:     Furnaces,  —  S^^     Rotary 
Puddling  Furnaces. 
Revolving  Tool  Box.— *s>ff  Tool  Boxes, 
Rhomboid. — A  rhomlwid  is  a  immllelogmnj 
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Fig.  :ajS, —Rhomboid. 

which  has  its  oppcmite  sides  e^ual  and  parallel, 
but  its  angles  at^  not  right  angles.  In  any 
rhomboid. 

Area  —  base  x  pei*pendicular  height. 
Base  =  area  -r  fierpen die ular  height. 
Perpendicular  height  —  ai^ea  -r  base. 
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Or,  Area  =  pnjduct  of  any  two  sides  x  the  natural 
8ine  of  their  id  eluded  angle. 

To  construct  a  rhomboid,  Fig.  208  (1),  having 
t^dven  two  side^,  m^  6,  and  their  contained  angle  (.^ 
Make  ab  =  &,  and  at  a  make  an  angle  equal 
tx>  the  given  one,  c;  draw  Ac  =  a.  From  b 
with  i'adius  =  AC  describe  an  arc,  and  from  c 
witb  nidiua  equal  to  ab  cut  this  arc.  Join 
CDj  Ba 

To  construct  a  rbumboid,  having  given  the 
two  diagonals,  a  and  6,  and  the  angle  between 
them,  Fig.  208  (2).  Bisect  both  diagonal.  At 
a  point  o  make  an  angle  aob  equal  to  the 
given  angle,  and  make  OA  =  half  a,  and  OB  ^ 
half  h.  Continue  these  lines  thi'ough  o  so 
that  oc  =  OA  and  od  =  ob.  Join  the  points 
a,  Bj  o,  d. 

Rhombus. — A  rhombus  is  a  pamllelogram 
which  ha.s  all  ita  aides  equal  but  its  angles  are 


mmltiply  the  area  of  a  cross  section  by  tbe 
length  of  the  ring.  A  cross  aecUon  m  shown 
by  dotted  lines  in  Fig,  210,  The  length  is  tbe 
circumference  of  a  circle  passing  through  tbe 


Fig,  209,— Rliumbns. 

not  right  angles.  The  mensuration  of  the 
rhombus  is  identical  with  that  of  the  Rhom- 
boid. 

TiJ  construct  a  rhombus,  Fig.  209  (1),  having 
given  one  aide,  a,  and  angle,  h.  Make  AB  =  a, 
and  at  a  make  the  angle  caj3  =  ^.  Draw  Ac 
=  a.  With  B  and  c  a^  centres  and  nulius  ab 
<lescribe  arcs  cutting  each  other  at  d,     Join 

ilD,  CD, 

To  construct  a  rhombus,  having  given  one 
side,  «,  and  a  diagonal  ab,  Fig.  209  (2).  With 
A  and  B  as  centres  and  a  as  radius  describe 
arc5B  each  side  of   ab  at  C  and   o.     Join  AC, 

HC,  AO,  BD. 

Riddle.— Atf^  Sieve. 

Ring;' — To  find  the  volume  of  a  solid  ring, 
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centres  of  all  the  cross  sections.  The  str 
of  thin  rings  to  resist  internal  pressure  is 
obtained  by  regaixiing  the  pressure  in  pounds 
per  square  inch  as  exercised  across  the  central 
diametral  plane,  and  resisted  by  the  thickness 
of  metal  in  that  plane.  But  this  doe«  not  hold 
good  with  thicker  rings,  because  the  outer 
layers  are  not  strained  by  stretching  so  much 
as  the  interior  t>nes  ai'e^  which  is  clearly  seen  to 
\m  impossible.  Hence  difficult  problems  ariae  in 
the  design  of  bpilt^up  gons,  and  to  a  lesser 
extent  in  hydraulic  cylinders,  which  involve 
highly  mathematical  treatment. 

Rip  Sa^w^ — A  rip  saw  is  intended  exclusively 
for  cutting  wood  in  line  mth  the  ftbrea,  and  this 
necessitates  making  its  teeth  of  a  form  un- 
suitable for  ci-oss-cutting.  Rip  saws  are  of  two 
classes— machine  saws  intended  for  ripping,  and 
hand  saws  for  the  same  purpose.  The  tatter 
are  comparatively  little  used,  as  small  amounts 
of  ripping  can  be  done  with  an  ordinary  cross- 
cutting  hand  saw%  and  ripping  is  seldom  done  by 
hand  if  a  machine  saw  of  any  kind  is  avaUable. 
TTie  teeth  of  rip  saws  are  larger  and  have  lesit 
set  than  those  for  cross-cutting.  They  are  also 
given  more  mke  or  forward  slope  than  a  cross- 
cut. This  enables  them  ti>  rip  more  rapidly 
but  unfits  thera  for  use  across  grain,  where* 
they  would  be  continually  catching,  with 
disastrous  results  to  the  truth  of  the  blade. 
Machine  saws,  which  are  either  of  the  band  or 
circular  type,  also  have  larger  teeth  with  less 
set  and  more  rake  when  intended  for  ripping. 
Hand  rip  saws  are  of  two  kinds,  There  is  tlie 
rip  saw  proper,  and  a  smaller  variety  calle<i  a 
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half  rip,  the  latter  heing  suitable  for  light  work 
and  more  generally  employed  than  the  full 
size  rip. 

Riser,  or  Air   Gate. — An   opening   which 


Fig.  211.— Rivet  Furnace. 
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nearly,  or  often  exactly  resembles  a  small  pour- 
ing basin,  but  which  is  provided  for  the  free 
escape  of  air  from  a  mould  at  the  time  of  pour- 
ing. It  may  be  adjacent  to  the  pouring  basin, 
but  when  practicable  it  is 
better  to  locate  it  as  far  away 
as  possible.  In  many  cases 
several  risers  are  employed. 

When    pouring    is    nearly 
done,  air  charged  with  particles 
of   carbon   or  other  matters 
i<^^:'y:^:^^^^  can  be  seen  beginning  to  come 

■"^''''^'^^ '"'*■'*'''  out  of  the  open  risers.  This 
is  followed  by  the  metal, 
which  finds  its  level  with  that 
in  the  pouring  basin.  The 
riser  is  therefore  a  safety  valve 
from  which  air  and  gases 
escape  which  would  other- 
wise remain  in  the  mould, 
causing  blow-holes,  or  strain- 
ing. The  air  is  carried  on- 
wards by  the  in-flowing  metal 
until  it  reaches  the  risers. 
Very  often,  in  large  work 
especially,  a  clay  plug  is  laid 
on  the  mouth  of  the  riser  to 
prevent  a  too  sudden  rush  of 
air  through  the  mould. 

.The  number  of  risers  on  a 
mould  varies  with  different 
men's  ideas.  It  is  good  prac- 
tice to  put  a  riser  over  every 
high  part,  or  if  the  high  parts 
are  extensive  to  put  several 
on.  The  question  is  one  for 
judgment  and  experience.  The 
sounder  or  the  more  free  from  blow-holes  and 
sponginess  a  casting  is  required,  the  more  de- 
sirable is  the  aid  of  risers.  But  it  must  not  be 
forgotten  that  risers  will  not  ensure  clean  sound 
metal  in  the  absence  of  pi*oper  venting,  or  of 
clean  metal.  They  are  valuable  aids,  but  do  not 
render  other  essential  precautions  unnecessary. 
Rising^  Main. — The  first  portion  of  delivery 
pipe  which  comes  direct  from  the  pumps  at 
pumping  stations. 

Rivet  Boy.— Hie  lad  wlio  takes  the  heated 
nvets  from  the  furnace  and  passes  them  to  the 
i-iveters. 
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Rivet  Forge. — A  small  portable  forge  used 
in  outdoor  work  for  heating  rivets  where  the 
volume  of  work  would  not  be  sufficient  for  the 
use  of  a  rivet  furnace. 

Rivet  Furnace. — A  small  furnace  used  for 
heating  supplies  of  rivets  for  closing  up.  It  is 
usually  a  square  structure  of  sheet  iron  or  steel 
on  legs,  or  portable  on  wheels,  brick-lined, 
having  a  tall  chimney,  and  fired  with  small 
coal.  The  fuel  is  burnt  on  a  grate  below  the 
rivet  bed  or  beds,  so  that  the  hot  gases  only 
pass  over  the  latter  on  the  way  to  the  chimney. 
The  rivets  are  inserted  and  taken  out  through 
a  small  doorway.  Gas  is  used  as  a  fuel  in  some 
cases.  A  furnace  measures  about  2  ft.  square 
by  4  ft.  or  5  ft.  high. 

In  a  recent  type  termed  the  cupola^  by  Messrs 
Henry  Berry  k  Co.,  Ltd.,  the  rivets  descend 
automatically  from  the  colder  part  of  the  fur- 
nace where  they  are  inserted,  to  the  hottest 
where  they  are  taken  out.  3,000  |-in.  rivets 
can  be  heated  in  it  in  a  day,  with  the  expendi- 
ture of  about  2  J  cwt.  of  coal.  This  cupola 
rivet  furnace  is  shown  in  sectional  views  by 
Fig.  211.  It  is  2  ft.  squai-e,  by  5  ft.  high,  and 
is  made  of  steel  plate,  lined  with  fire-brick. 
The  chimney,  7  in.  diameter,  is  17  ft.  high. 
The  whole  is  supported  on  legs  of  angle  section. 
The  design  of  the  furnace  is  such  that  the  rivets 
are  gradually  heated  ip  their  descent,  and  the 
products  of  combustion  are  cooled  by  their  pas- 
sage upward  through  the  rivets.  The  rivets  are 
inserted  through  the  door  a,  a  proper  charge 
being  when  the  hopper  B  is  about  half  full.  No 
rivets  are  put  in  until  the  furnace  has  heated 
the  brick-work  to  a  red  heat.  The  furnace  c  is 
kept  charged  up  to  the  level  of  the  door  d. 
The  products  of  combustion,  as  indicated  by  the 
arrows,  pass  up  round  the  ports  E  by  the  side 
of  the  solid  fire  block  f,  on  which  the  rivets 
lie  to  be  removed  through  the  taking-out  door 
G.  The  chimney  H  is  furnished  with  a  damper 
at  the  top,  which  should  be  closed  when  the 
furnace  is  not  in  use. 

Overheating  of  rivets,  and  heating  them  in  a 
dirty  furnace  is  a  fruitful  cause  of  bad  work. 
The  presence  of  scale  due  to  overheating,  and 
to  slag  due  to  dirt  prevent  the  contact  of 
metal  which  is  essential  to  close  tight  joints. 
Rivets  scale  if  overheated,  and  if  allowed  to 
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come  into  direct  contact  with  fuel,  and  a 
rivet  thus  encased  with  scale  or  dirt  slioald  not 
be  allowed  to  enter  its  hole.  The  scale,  if  present, 
should  be  struck  or  brushed  off  first,  because  it 
impairs  the  closeness  of  the  joint. 

Riveting — Rivet  Joints, — Examples  of  the 
typical  joints  used  are  shown  in  Figs.  212 
and  213.  There  are  two  methods  by  which 
the  strength  of  riveted  joints  is  arrived  at, 
one  by  experiment,  the  other  by  calculation. 
In  practice  the  latter  is  of  less  direct  value 
than  the  former.  The  relative  strengths  of 
all  kinds  of  riveted  joints  have  long  been 
settled  by  experiments,  and  boiler-makers  and 
platers  have  tables  of  the  proportions  for  the 
different  types  of  joints  used.  These  tables 
would  not  always  accord  strictly  with  calcula- 
tions, neither  is  it  necessary  that  they  should 
do  so.  Practical  considerations  regulate  their 
construction,  as  in  other  matters,  and  uniformity 
of  dimensions,  simplification  of  work,  and  ample 
margin  of  strength  are  consulted  Actually, 
riveted  joints  seldom  fail  except  when  there 
has  been  bad  workmanship,  or  bad  subsequent 
treatment.  When  a  boiler  fails  it  usually  fails 
through  the  plates.  If  rips  occur,  that  is  due 
to  grooving  or  furrowing,  and  this  is  owing  not 
to  the  weakness  of  the  joint  itself,  but  to  some 
faulty  principle  in  its  design,  in  consequence 
of  which  the  plates  contiguous  to  the  joint  are 
subject  to  incessant  alterations  of  stress  by 
alternate  heating  and  cooling. 

A  riveted  joint  may  be  considered  as  a  chain 
made  up  of  two  kinds  of  links,  one  being  rivet 
section,  the  other  plate  section.  That  is,  the 
collective  area  of  the  row  of  rivets  in  the  joint 
will  form  one  link  of  the  chain,  and  the  collec- 
tive area  of  those  portions  of  the  plate  section 
left  between  the  rivet  holes  will  form  the  other 
link  of  the  chain.  Obviously  the  strength  of 
the  chain  is  no  greater  than  that  of  the  weaker 
link,  which  generally  happens  to  be  that  of  the 
plate  section.  Theoretically  a  joint  should  be 
so  designed  that  the  strengths  of  rivet  and  of 
plate  section  should  be  alike.  But  rivets  are 
made  larger  than  necessary,  because  the  size  of 
their  holes  is  regulated  by  the  power  of  the 
punch,  and  by  the  necessity  for  making  the 
plates  tight,  and  so  it  happens  that  in  the 
rupture  of  a  joint  the  plate  nearly  always  tears^ 
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while  rivets  are  seldom  shorn  off.  In  fact  the 
rivet  section  may  often  be  twice  the  strength 
of  the  plate  section. 

Failure  of  a  riveted  joint  may  occur  along 
the  line  of  rivet  centres,  Fig.  2 1 4,  a.     This  is  one 
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of  the  most  frequent  occurrence,  and  indicates 
what  is  usually  the  weakest  part  of  the  joint. 
Fracture  may  occur  by  the  metal  rupturing  in 
front  of  the  rivet,  Fig.  214,  B,  the  fracture  being 
like  that  of  a  beam  fixed  at  each  end,  in  this 
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Fig.  212.— Riveted  Joints. 

A»  Single- riveted  lap  joint.  B.  Double-riveted  lap  joint  (chain  riveting).  C.  Double-riveted  lap  joint  (zigzag 
riTeting).  Z>.  Single-riveted,  single  butt  strap.  E.  Single-riveted,  double  butt  strap.  F,  Double-riveted,  double  butt 
■trmp  (chain  riveting).  O,  Double-riveted,  double  butt  strap  (zigzag  riveting).  H,  Treble-riveted,  double  butt  strap 
(ehAin  riveting).  J.  Treble-riveted,  double  butt  strap  (zigzag  riveting).  K.  Treble-riveted,  double  butt  strap  (each 
Alternate  rivet  omitted  in  inner  and  outer  rows).  L,  Treble-riveted,  double  butt  strap  (chain  riveting),  each  alternate 
rivet  oniitted  in  the  outer  row.  M.  Treble-riveted,  double  butt  strap  (zigzag  riveting),  each  alternate  rivet  omitted  in 
the  outer  row.    if.  Quadmple  riveting,  used  on  tome  of  the  largest  marine  boilers. 
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case  at  adjacent  rivets,  and  loaded  at  the  centre 
by  the  rivet  at  which  fracture  occurs.  This 
happens  if  the  rivet  holes  are  placed  too  near  to 
the  edge  of  the  plate.     In  practice  it  is  usual 
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Fig.  213.— Riveted  Joints. 

A .  Double-riveted  longitudinal  lap  seams,  and  single- 
riveted  circular  seams  in  boilers.  B,  Double-riveted 
longitudinal  butt  joints,  with  single-riveted  circular 
lap  joints  in  boilers.  C.  Treble-riveted  longitudinal 
butt  joints,  and  double-riveted  circular  lap  joints  in 
boilers. 


to  make  the  distance  from  the  centre  of  rivet 
to  the  edge   of   the  plate   not   less   than    the 
diameter  of  the  rivet — it  may  equal  one  and  a 
212 


half  times  that  diameter.  In  steel  plates  the 
distance  need  not  be  quite  so  much  as  in  iron. 
In  any  case  if  too  much  lap  is  allowed  it  is 
not  so  easy  to  make  a  tight  joint  by  caulking, 
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Fig.  214. 


-Methods  .of  Failure  of  Riveted  Joints. 


because  of  the  greater  elasticity  of  the  joint. 
Professor  Kennedy,  in  his  researches  on  the 
Riveting  Committee  of  the  Institution  of  Me- 
chanical Engineers,  demonstrated  that  the 
margin  of  a  riveted  seam  need  never  be  greater 
than  the  diameter  of  the  rivet.  This  was  de- 
duced from  experiments  with  varying  margins, 
in  every  one  of  which  the  rivets  were  shorn 
through  fii*st.  Fracture  of  a  rivet  joint  may 
occur  by  crushing  of  the  plate  in  front  of  the 
rivet.  Fig.  214,  c.  But  such  a  mode  of  frac- 
ture does  not  occur,  because  the  bearing  strength 
is  always  in  excess  of  the  tensile  and  shearing 
strength.  Lastly,  shearing  of  rivets  may  occur, 
Fig.  214,  D,  in  a  joint,  if  the  rivets  are  too 
small,  or  spaced  too  widely,  causing  their  resist- 
ance to  shearing  to  be  less  than  that  of  the 
tensile  resistance  of  the  plate.  But  such  a 
method  of  fracture  rarely,  if  ever  occurs  in  steam 
boilers,  because  excessively  small  holes  cannot 
be  punched,  and  because  steam-tight  joints 
cannot  be  made  with  widely  spaced  rivets. 

Besides  the  equality  desirable  in  the  strength 
of  rivet  section  and  plate  section  the  following 
theoretical  considerations  are  to  be  noted. 

Taking  the  resistance  of  the  plate  in  front 
of  the  rivet  to  crushing,  due  to  the  intensity 
of  the  bearing  pressure  of  the  rivet  :  the 
bearing  surface  equals  the  diameter  of  rivet 
multiplied  by  the  thickness  of  the  plate : — 

Let  c  =  the  ultimate  resistance  of  the  plate  to 
crushing ;  t  —  the  thickness  of  the  plate ;  d  =  the 
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dkmeter  of  rivet;  C  =  the  ultimate  i-esistance 
per  st]^uare  inch  of  the  plate  to  crushing. 
Thene-rfK^xC. 

For  the  ultimate  resistance  to  single  shearing ; 
let  *  =  tlie  ultimate  resistance  to  single  shearing, 
if  =  the  diameter  of  rivet;  S  =  the  ultimate  re- 
sistance per  square  inch  to  single  shearing. 
Then  #  K  c^  =  "TSSi  x  S, 

When  the  crushing  resistance  of  the  plate 
and  the  shearing  resistance  of  the  rivet  are 
equal,  then 

d'ji.txQ  should  equal  ^  x  *7854  x  B. 

From  thb  i-elation  the  diameter  of  a  rivet  for 
a  given  thick  ne^^a  of  plate  is  deduced. 

The  ultimate  tensile  strength  of  the  plate 
section  between  rivet  holes  in  obtained  thus  : — 

Let  t^  =  the  ultimate  tensile  res^istance  of  the 
section  ;  t  ^  the  thickness  of  the  plate  ;  p  =  the 
pitch  of  rivete  ;  d  =  the  diameter  of  the  rivets  ; 
T  ^  the  ultimate  tensile  resistance  of  the  material 
per  square  inch* 

Then  t,  =  tx(p-d}xT. 

Hence  when  the  shearing  resistance  of  the 
rivets  and  the  tensile  resistance  of  the  plate  are 
equal,  then 

cP  X  -7854  xS  =  ix(p-rf)^T. 

When  thei*e  is  more  than  one  row  of  rivets, 
the  area  of  one  rivet  will  he  multiplied  by  the 
number  of  rows  of  rivets*  With  double -riveted 
lap  ioiiit4S,  and  with  double-riveted  butt  joints 
^ith  single  stnips^  and  with  single  riveted  butt 
joints  with  double  straps, 

d^  X  -7854  woultl  l>ec<jnie  2  x  cf'  x  '7854, 

With  double-riveted  butt  Joints  with  double 
straps  J  in  which  the  rivets  are  in  double  shear, 
we  should  have 

4  K  <f2  X  '7854. 

Tlie  percentage  strength  of  plate  left  betw^een 
rivets  in  tlie  greatest  pitch  in  any  given  joint 
is  obtained  by  subtracting  the  diameter  of  the 
rivet  from  the  plteh  of  the  rivets,  and  dividing 

the  result  bj  the  piteh  thus— 

"  *    %  or  as  it  ifi  uaually  put,  100  ^      ^  ■ 

P  P 

To  6nd  the  peroentag©  strength  of  rivet  section 

tm   compared  with   solid   plate.     Multiply  the 

urea  of  one  rivet  in  square  inches  by  the  numl>er 

of  rivL-U  n  in  one  row  (the  greatest  pitcb)  and 


by  1  for  lapj  or  single  butt  strap  jointa ;  or  by 
1*75  for  double  butt  strap  joints,  and  divide  the 
result  by  the  pitch  of  the  rivets^  multiplied  by 
the  thickness  of  the  plate,  thus^ 

d^x  -7854  XHX  I  or  1^75 

With  regard  to  the  pitching  of  chain,  antl 
zigzag  rivets,  the  distance  from  centre  to  centre 
of  rivets  w*herever  measured  must  not  be  less 
than  twice  the  diameter  of  the  rivets*  It  is 
better  to  have  the  diagonal  measurement  in  the 
ngx&g  arrangement  in  excess  of  this.  According 
to  Professor  Kennedy,  the  net  section  of  metal 
between  rivets  measured  in  the  zigzag  direction 
should  be  from  30  to  35  per  cent,  of  that  taken 
between  paniUel  r»:»ws.     So  that  the  diagonal 


pitch  would  be  about 


2p  +  d 


The  Board  of  Trade  rules  for  the  distance  be- 
tween the  centres  of  the  rows  of  riveta  in  chain 
and  zigzag  arrangements  i 

Chain  2d 


Zigzag  mP±^iP±M. 

Butt  Jmnlg^ — These  are  designed  to  prevent 
the  bending  which  occurs  in  single-riveted 
joints  under  stress,  and  especially  in  cylindrical 
work.  Such  joints  have  Mripg^  or  strapaf  riveted 
at'ivsi^  the  abut  ting  joint,  so  keeping  the  abutting 
parts  in  one  plane*  They  are  fitted  with  ^ijigle^ 
or  dmtble  covering  straps.  The  covering  straps 
ftir  butt  joints  should  be  cut  from  plates,  and 
not  frcrtn  Imrs,  and  the  stripi?  for  longitudinal 
seams,  if  in  iron,  should  be  cut  across  the  grain, 
so  that  the  fibre  shall  be  in  the  strongest  direc- 
tion to  resist  the  greater  stress*  There  are 
several  rules  given  for  the  thicknesses  of  butt 
straps*  Single  sti-aps  must  be  slightly  thicker 
than  the  plates  which  they  connect,  double 
one5  thinner* 

In  riveted  joints,  if  the  rivets  are  pitched  or 
spaced  t-oo  closely,  then  the  plate  will  become 
torn  asunder  while  the  rivets  remain  intact.  If 
pitched  too  far  apart  the  rivets  will  become 
shorn  while  the  plate  remains  intact.  If  the 
rivets  are  pitched  so  tliat  the  plate  section  and 
rivet  section  are  of  equal  strength,  then  the 
eflects  of  corrosion  operating  more  effectually 
upon  the  plate  than  upon  the  rivet  will  in  time 
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cause  tbo  plat-e  section  to  become  weaker  than 
the  rivet  section.  Moreover,  the  plate  may 
have  alre^y  suffei'ed  by  i^asou  of  the  work 
clone  upon  it,  aa  in  punching,  or  rolliugj  or 
hanimeringj  oi;  drifting,  and  if  so  allowance 
must  be  made  for  the  weakening  effects  of  these 
operations.  Then  as  regards  the  ahm>lute 
strength  of  plates  and  rivets,  the  first  is  subject 
to  tensOe,  and  the  second  to  shearing  stresis. 
In  ii^n  these  streasea  are  practically  alike^  that 
18,  if  it  takes  20  tons  per  squaiT  inch  of  h tress 
to  break  a  plate  by  tensile  stre^js,  it  will  take 
also  20  tons  per  s*|uare  inch  to  se%*er  a  rivet  by 
shearing  stress.  But  with  steel  the  tensile  and 
shearing  stresses  are  not  alike,  but  while  the 
tensile  strength  equals  28  tons,  the  shearing 
only  equals  23  tons. 

The  clearest  methotl  of  representing  in  a 
gmphic  manner  the  relation  of  a  riveted  joint 
to   the   solid  plate    is  shown  in  Fig.  215,   an 
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Fig.  ^13.— Riveted  Joints. 

illustration  due  to  a  writer  in  the  American 
Mackinisl.  Let  (a)  the  shaded  portion  a  repre- 
sent a  width  equal  to  the  pitch  of  the  rivets  in  a 
single  riveted  lap  joint.  The  strength  of  the 
Joint  is  not,  however,  represented  by  a^  but  by 
the  width  b,  and  b}^  the  area  of  the  rivet. 
Obviously,  too,  a  single  rivet  has  to  hold  the 
width  a  securely,  and  therefore  the  rivet  must 
be  of  equal  strength  with  the  section  b.  Hence 
the  dictum  that  in  a  theoi'etically  perfect  riveted 
Joint  the  plate  section  and  the  rivet  section 
should  be  of  equal  strength.  Again,  a  sinnlar 
figure  (b)  will  show  graphically  the  relative  pro- 
portions of  rivet  and  plate  in  a  double-rivr-ted 
joint*  Here  we  have  tlie  width  a  iks  before, 
f  tut  it  is  held  together  with  two  rivets  instead 
of  one. 

It  is  because  the  rivets  can  be  pitched  farther 
^part  in  double- riveted  Joints  than   in   single- 
2U 


rivetetl  Joints  that  the  former  is  stronger  than 
the  latter.  It  has  often  happenetl  that  the 
spacing  in  double-riveted  joints  has  been  n early » 
and  even  quite  as  close  as  in  single'riveted 
joints,  and  then  the  advantage  of  double 
riveting  has  been  lost.  A  large  excess  of 
rivet  section  has  been  obtained  at  the  sacrifice 
of  plate  section,  and  as  the  strength  of  a  Joint 
is  measured  by  that  of  its  weakest  part,  the 
plate  section  left  between  the  rivet  hoies 
determines  in  such  a  case  the  sti'ength  of  the 
joint. 

It  is  impossible  to  estimate  the  strength  of  a 
riveted  joint  ah  inUwj  that  is  purely  as  a 
question  of  calculation  apart  from  the  aid 
afforded  by  dii*ect  experiment.  A  riveted  Joint 
is  subjected  to  stresses  which  are  not  uniformly 
distributed  in  the  sense  in  which  a  dii-ectly 
tensile  or  compressive  stress  is  distributed 
through  the  section  of  a  plate  or  bar.  The 
stre^sses  are  unequal,  being  more  intense  in  some 
parts  of  the  joint  than  in  others,  while  the 
several  parts  will  be  subject  to  increase  or 
diminution  of  stress  by  the  action  of  loads. 
Consequently  a  riveted  joint  will  fail,  not  by 
the  maximum  stress  which  a  given  part  will 
endui-e,  but  by  an  average  stress  which  is  lower 
than  the  rfiaximum,  and  this  can  only  he 
determined  by  experiment.  But  in  a  profierly 
conducted  series  of  experiments  on  riveted 
Joints  the  strength  of  each  element  has  to  be 
first  determined  accurately.  In  no  other  wa^^ 
is  it  possible  to  arrive  at  correct  conclusions  as 
to  the  strength  of  plates,  the  tensile  and  shear- 
ing strength  of  rivets^  the  effect  of  ptinching, 
reamering,  and  drilling,  on  the  tenacity  of  platen 
and  bars,  or  to  gather  definite  conclusions  as 
to  the  effect  of  the  frictional  i-esistance  of  the 
riveted  plates. 

Frictiutt. — It  has  been  considered  that  the  fric- 
tion bet  ween  the  surfiices  of  riveted  plates  should 
count  for  something  in  estimating  the  strength 
of  a  riveted  joint  to  resist  slipping  under  stress. 
But  long  ago  experiments  instituted  by  the 
Board  of  Trade  for  the  use  of  their  surveyors, 
and  embodied  in  their  1881  Report,  dispelled 
this  idea.  li  was  shown  then  (page  32)  that 
when  a  joint  is  tested  to  destruction,  it  gajK^s, 
the  plates  opening  along  the  edges.  In  the  case 
of   1-in.   plates   with   treble-riveted   lap   joints 
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the  opening  amount-e^^l  sometimes  to  as  mucli  4t<^ 
yif.  Even  in  the  ca^e  of  rivetetl  joints  fitted 
with  double  butt  strapSj  the  l>ending  of  the 
rivets  cau9e<i  the  joints  t<*  open.  The  friction 
of  newly  riveted  plates  due  to  the  contraction 
and  nipping  power  of  the  rivets  in  cooling  varies 
n^ughly  accord iT^  to  experiments  from  4  to 
5  tone  per  square  inch  of  rivet  section.  But 
in  a  long  iivet  the  contraction  will  strain  t!ie 
metal  beyond  the  ehtstic  limit.  In  short  rivets, 
however^  not  subject  to  bending  Ktresses,  a 
small  allowance  niay  lie  safely  niaile  for  fric- 
tion, say  about  3  tons  per  square  inch  of  rivet 
section.  But  in  a  joint  subject  to  much  stress, 
causing  leaky  ^^eams  and  stnj'^'sing  of  the  rivets, 
nothing  can  lie  allowed  for  friction. 

Professor  Kenne<^lj's  experiments  on  r'ivetcd 
joints  undertaken  for  the  Institution  of  Mechani- 
<2al  Engineers  showed  that  the  visible  slip  of  a 
ri^'eted  joint  occuri^  at  a  point  very  much  below^ 
the  breaking  load,  but  by  no  niean^  prtjportional 
to  that  loa<ij  and  that  it  depend**  on  the  number 
and  size  of  rivets  in  the  joint,  and  on  the  stlft- 
ne^  of  the  joint.  Hydniulic  riveting,  by  exer- 
cising pressure  on  the  joint,  tends  to  delay  slip. 
Blip  is  dae  to  the  commencement  of  shear  in 
the  rivets, 

Siremjtk  of  Joints. — The  old  ratios  of  Fair- 
t)&im^s  for  the  relative  strength  of  riveted 
joints  are  — Solid  plate  100,  double-riveted 
joint  70,  single- riveted  joint  56,  The  value  of 
ri^^eted  joints,  as  calculated  by  formahe^  and 
as  ascertained  by  actual  tests,  do  not  coincide. 
Thus  in  the  experiments  on  Weardale  steel, 
recorded  in  the  18H.^  Memorandnm,  issued  by 
the  Board  of  Ti-ade  for  tlte  use  of  their  sur- 
veyors, the  calcnlated  and  the  actual  tests 
varied  as  follows  : — 

Using  the  formula  for  lap  joints — 
Width  of  pIa>U;  -  Sum  of  diaiiu  of  rivets  in  line     i^^j 
width  of  pliite 

In  i-in.,  }-in.,  and  I -in.  joints  in  which  holes 
iwiere  punched,  tbei-e  were  losses  of  strength  bv 
csxperimental  test  as  com|mred  with  calculatetl 
strength,  of  127,  28-9,  and  28  0  per  cent,  re- 
fipectively.  In  J4n.,  fin.T  and  1-in.  joints  in 
Twrhich  the  holes  w^ere  drilled,  there  was  a  gain 
of  strength  in  the  fii-^t  two  respectively  of  1-9, 
ajici  7*0  per  c^nt.,  and  a  loss  in  the  third  of  3*8 
per  eant. 


Professor  Kennedy's  experiments  showed  that 
single- riveted  lap  joints  takhig  |-in*  ateel  plate, 
cannot  have  an  efficiency  as  compared  with  the 
solid  plate  much  exceeding  50  per  cent.  The 
only  way  in  which  the  strength  could  be  in- 
creased would  be  by  increasing  the  bearing 
pressure,  which  means  inci'eased  sikc  of  rivets, 
and  larger  spacing,  but  this  is  not  pnR-ti cable. 
The  objection  to  increasing  the  size  of  rivets  is 
that  their  sectional  area  to  retsist  shearing  is 
increased  in  proportion  to  the  square  of  their 
dianieterj  while  the  sti*ength  of  plate  section  is 
increased  only  as  the  distance  between  the 
holes. 

Tn  pi'opoi'tioning  the  riveted  joinU  of  a  girder, 
the  rivets  may  be  pitched  on  the  re^isonable 
wuppctsition  that  the  plate  and  rivet  section  will 
tia\'e  the  same  relative  strength  throughout  all 
the  life  of  the  giMer.  Not  st>  in  a  steam  boiler, 
for  here  it  is  the  plate  section  alone  which  will 
be  likely  to  sufler  and  waste  by  wear  and  tear. 

Errors  in  w^orkmanship  always  tend  to 
v^i^aken  plate  sections  in  relation  to  rivet 
section.  The  sectional  area  of  a  rivet  always 
remains  intact,  however  sevei^e  the  treatment 
to  which  the  plates  are  subject.  But  the  plate 
area  is  diminished  durbig  working  by  drilling, 
or  punching  the  holeii  larger  than  the  rivets ; 
or  if  punched,  by  drifting  the  holes  to  pull  them 
fair  into  place,  and  if  very  rough  drifting  is 
done,  by  cracking  the  plates.  In  boilers  at^ 
work,  severe  stressing,  and  corrosion  still  further 
weaken  the  plate  section.  For  these  reasons 
it  is  desirable  to  pitcli  rivets  as  widely  as 
possible  consistently  w*ith  tight  joints.  In  this 
respect  the  practice  of  the  pi-esent  day  is  better 
than  that  of  the  past,  when  rivets  were  pit^^hed 
closely  in  order  to  secure  tight  seams,  without 
regard  to  the  effect  of  this  practice  in  diminish- 
ing the  plate  section  and  therefore  weakening 
the  seams. 

£^rl/Ur^. — It  ia  idle  to  say  that  the  use  of  the 
flrift  ought  to  be  abolislie*!,  since  without  tJiat 
very  much  trouble  would  lie  involved  in  putting 
work  together.  When  holes  are  punched  or 
even  drilleii  with  the  plates  apart,  theni  how- 
ever carefully  the  work  might  have  been  done, 
the  holes  will  not  come  perfectly  fair,  and  if 
they  do  not,  the  inseilion  of  a  few  drifts  at 
intervals  in  order  to  pull  the  holes  into  line  is 
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neceasiary.  There  is  a  use  and  an  abuse  of  the 
drift— the  first  is  legitimate,  the  second  repre- 
hensible. In  maTiy  cases  it  is  Just  as  necessary 
to  insert  drifts  m  t.ack  bolts,  and  what  a  fore- 
man has  to  do  is  tfi  draw  the  line  between  use 
and  abuse. 

The  evil  of  drifting  in  stressing  boiler  plates 
has  pei'haps  been  somewhat  overrate<i.  Tn  gof^d 
plates  the  evil  does  not  lie  so  much  in  inducing 
excessive  stress  as  in  the  fact  that  it  places  the 
holes  in  diagonal  positions  relatively  to  each 
other,  and  that  the  rivet  consequently  does  not 
take  a  fair  bearing  throughout  its  length,  nor 
under  the  head.  Although  hea\y  drifting  will 
crack  inferior  plates,  it  must  b*.*  excessively 
hea^y  to  crack  the  ductile  plates  which  alone 
should  be  used  for  steam  boilers.  One  of  the 
forge  test^  for  iron  and  ateel  consists  in  drifting 
out  a  punched  hole  to  a  larger  diameter  without 
cracking.  The  evil  of  drifting  comes  in  when 
the  holes  are  very  l>ad,  say  anything  over  ^^ 
out.  To  talk  about  reamering  out  such  holes, 
and  inserting  larger  rivets  i.s  ahsnrd.  The  job 
would  be  more  costly,  and  the  plate  section 
would  be  weakened. 

Riveting  Cranes.— The  large  variety  of 
riveting  operations  clone  in  boOer  shop,  bridge, 
and  girder  work  have  been  the  cause  of  the 
development  of  several  distinct  types  of  cranes 
for  sustaining  and  travei'sing  the  portable 
'  riveting  machines  over  and  about  the  work. 
These  include  fixed  and  portable  designs,  Tl^ie 
principal  types  used  are  swinging  jib  cittnes, 
or  independent  portable  cranes  with  swinging 
jibs.  Overhead  travellers,  and  overliead  tracks 
are  also  utilised*  But  the  essential  diffei*ence 
between  common  cranes  and  those  used  for 
ri%"eting  is  that  the  latter  have  some  attach- 
ments or  provisions  for  conveying  the  pressure 
water  to  the  piirtable  machines  suspended  from 
them.  Otherwise  the  methods  of  building  up 
the  crane  fmmings  do  not  differ  materially  fiT>m 
those  of  ordinary  cranes  of  similar  designs. 
The  riveter  is  racked  along  by  an  ordinary 
carriage  or  jenny,  lifted  and  lowei-erl  by  an 
hyflraulic  cylinder  and  ram^  termed  a  telescopic 
lit%  or  j^nUer^  which  may  be  indifierently 
dis|iosed  vertically,  or  horizontally.  In  a  few 
designs  the  cylinder  is  located  in  the  post^ 
but  genemlly  it  is  suspended,  and  situated 
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vertically  diit'ctly  over  the  portable  niachine ; 
or  horizon tidly  on  the  carriage  which  traverses 
the  machine^  The  pressure  water  is  brought 
U}  the  top  or  bottc«n  of  the  post  through  a 
swivel  joint,  A  pipe  comes  from  this  joint  to 
a  point  somewhere  about  midway  along  the 
Jib,  Fi-om  this,  jointed  walking  pipes,  the 
joints  of  which  are  packed  with  cup  leathers, 
convey  the  water  to  the  cyliniJer.  A  coiled 
copper  pipe  with  sufficient  flexibility  to  folh^w 
the  portable  riveter  conveys  the  water  to  it. 
Around  this  general  design  there  are  many 
variations  to  suit  all  conditions  of  working. 

A  wall  jib  crane  with  suspended  riveter  is 
shown  hi  Fig,  316,  Plate  XIV.  The  pillar, 
which  is  made  of  cast  steel,  may  be  attache*! 
either  to  a  wall,  as  seen,  or  tt*  a  column^  by 
trunnion  bearings  at  top  and  bottom.  The 
horizontal  jib,  built  up  of  two  channels  back 
to  back,  and  tied  at  the  end  to  the  top  of  tb© 
pillai"  by  wrought-iron  rods,  supports  the  ti^avel- 
ling  carriage,  which  is  racked  along  by  depen- 
dent chain  and  gearing.  The  quadrant  hanger 
fn^m  which  the  riveter  is  suspended  is  attached 
to  a  chain  passing  up  around  the  pulleys  of  a 
horizontal  hydraulic  cylinder,  and  the  I'am  of 
the  latter  is  moved  in  or  oat  to  alter  the  height 
of  the  riveter,  a  range  of  7  ft*  being  possible, 
A  coiled  copper  pipe  admits  of  flexibility  of 
connection  between  the  riveter  and  the  cari'iage, 
whei-e  the  end  of  the  jointed  walkuig  pipe, 
whicli  is  coupled  to  the  honzontal  pipe  on  the 
jib,  is  situated. 

Fig.  217,  Plate  XIV.,  illustrates  a  single 
rail  type  of  erane,  in  winch  a  travelling  frame 
takes  the  place  of  the  wall  in  the  pi-e^ious 
example,  the  frame  running  by  ground  wheels 
on  a  rail  at  the  Iwjttom,  and  being  steadied  by 
rollers  at  the  top,  Ijearing  against  an  H  giixler. 
The  frame  is  travelled  by  hand  gear.  Tiie 
water  is  conveyed  fmm  pipes  set  a  little  below 
the  floor  level  up  to  the  jib,  and  to  the  riveter 
in  the  same  manner  as  described  in  eonneetion 
with  Fig.  216,  An  enlarged  view  of  a  riveter 
with  its  carriage  is  given  in  Fig.  218,  Plate 
XV. ;  the  construction  and  mode  of  operation 
is  the  same  as  descriherl  al>ove. 

Riveting  Machines  —The  grtjwth  of  these 
machines  is  one  of  the  remarkable  chapters  irt 
engineering  practice.     Hteam   was  tlie   agency 
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first  used,  but  that  has  nearly  fallen  into  disuse 
since  the  growth  of  the  hydraulic  and  pneumatic 
systems.  Fairbaim  invented  the  steam  riveter. 
To  Ralph  H.  1).  Tweddell  is  due  the  honour  of 
the  inception  and  development  of  the  hydraulic 
system,  and  to  Mr  Allen  that  of  the  pneumatic. 
But  the  hydraulic  and  pneumatic  systems  have 
been  extended  greatly  to  include  many  designs 
for  special   functions  which  were   deemed   im- 


Statioriary,  or  Fixed  Riveters. — These  repre- 
sent the  older  type  which  preceded  the  portable 
dasigns.  The  majority  are  of  vertical  form, 
that  is  the  framing  is  so  arranged  that  the  work 
to  be  riveted  is  lowered  vertically  between  the 
ram  and  the  riveting  dies,  the  axis  of  which 
lies  in  a  horizontal  plane.  These  machines  are 
used  for  riveting  boiler  shells,  and  shell  end 
plates,  pipes,  and   cylindrical   work  generally. 


Fig.  219. — Hydraulic  Riveting  Applied  to  Lancashire  and  Cornish  Boilers. 

Ay  A.  Riveting  front  plate  to  shell.  B.  Riveting  boiler  shell  in  horizontal  position.  C.  Riveting  manhole  to  shelL 
J>.  Riveting  flues  to  ^nt  plate.  E.  Riveting  shell  and  back  end  plate,  kc.  F,  Riveting  Adamson  flue  seam. 
O.  Riveting  Bowling  flue  scam. 


practicable  a  few  years  since,  until  now  there 
are  few  sections  of  boiler  shop  work,  or  con- 
.structional  riveting  which  cannot  be  reached  by 
some  form  of  machine. 

The  illustrations.  Figs.  219-221,  show  in  a 
very  clear  manner  how  the  various  portable  and 
fixed  riveters  are  applied  to  boilers  of  different 
types ;  the  drawings  are  from  the  practice  of 
Messrs  Henry  Berry  k  Co.,  Ltd. 


The  two  leading  particulars  of  a  riveting  machine 
are  the  depth  of  gap,  and  the  amount  of  pressure 
exerted  in  closing  the  rivet.  As  these  vary, 
so  also  do  some  of  the  details  of  design  vary. 
In  the  smaller  machines  the  framing  is  gener- 
ally in  one  piece,  in  cast  iron.  In  larger  sizes 
it  is  frequently  of  cast  steel.  In  the  largest  it 
is  usual  to  make  the  framing  in  two  portions ; 
the  body  or  main  standard  of  cast  ii-on,  either 
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strongly  ribbed,  or  of  closed  box  section ;  and 
the  other  portion,  which  is  termed  the  holder 
up,  or  hoby  of  cast  steel,  or  of  forged  steel.  The 
first  is  the  more  common.  The  main  frame  and 
the  hob  are  planed  to  fit  face  to  face  with  a 
shoulder,  or  are  united  by  two  veiy  massive 
bolts  passing  right  through  both  castings. 
When  the  hob  is  made  in  forged  steel  it  is 
either  flat,  or  oblong  in  cross  section,  or  of 
cylindrical  tapering  form  from  base  to  top.     On 


tons,  and  one  of  150  tons  to  60  tons,  and  others 
in  similar  proportions. 

In  this  main  design  there  are  three  well- 
marked  variations.  In  one,  the  closing  die 
instead  of  being  situated  centrally  in  its  boss 
is  much  nearer  the  top  than  the  bottom  portion 
of  the  boss,  and  is  termed  the  Jltish  top  design. 
It  is  used  for  doing  a  class  of  work  which  can- 
not be  done  by  the  ordinary  type,  in  which  the 
boss  standing  out,  renders  it  impossible  to  bring 


Fig.  220. — Hydraulic  Riveting  Applied  to  Locomotive  Boilers. 


A.  Riveting  tube  plate  to  barrel.  B,  Riveting  dome  to  barrel. 
D,  Riveting  round  fire-box  door.  E,  F.  Riveting  round  furnace  bottom. 
box  to  tube  plate. 


C,  Riveting   safety-valve  seating  to  barrel. 
G,  Riveting  barrel,  &c.     H,  Riveting  smoke- 


one  or  other  of  these  designs  all  standard 
stationary  riveters  are  built.  The  depth  of  gap 
ranges  from  3  ft.  up  to  about  1 2  ft.  at  extremes. 
The  power  exercised  on  the  rivet  at  the  moment 
of  closing  will  range  from  1 5  tons  in  the  smallest 
to  150  tons  in  the  largest.  But  the  operator 
is  able  to  vary  the  pressure  at  will.  Thus  in 
the  Fielding  &  Piatt  machines,  a  machine  with 
a  maximum  power  of  70  tons  may  be  varied  to 
a  minimum  of  30  tons,  one  of  100  tons  to  40 
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the  closing  die  up  to  the  line  of  rivets.  It  is 
used  specially  in  the  boilers  of  locomotive  and 
portable  engines,  for  riveting  the  throat  plates 
of  the  fire-boxes  to  the  barrels.  See  Figs. 
219  to  221.  In  another  design,  a  top  lever  is 
fitted  to  the  riveting  slide,  and  so  pivoted  to 
the  slide  and  to  the  framing  with  arms,  that 
it  closes  a  rivet  in  the  vertical  direction. 
Fig.  221,  a  die  holder  to  correspond  being  fitted 
to  the  top  of  the  hob.     This  is  used  for  riveting 
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the  outer  fire-box  plates  to  the  wrapper  plates.      What  happens  when  a  rivet  is  turned  in  plates 
The  third  variation  is  the  plate -doling  riveter,-     which  do  not  make  a  close  fit,  is  that  a  portion 


Fig.  221.— Hydraulic  Riveting  Applied  to  Marine  Boilers. 

A,  A^  Ay  Ay  A.  Biveting  fornaoe  flues.    B.  Riveting  shells  and  end  plate  with  end  plate  flanged.     C  Riveting  shells 

and  end  plate  with  shell  flanged. 

which   closes  and    holds   the   plates   together,      of  the  rivet  becomes  squeezed  out,  forming  a 
under  strong  pressure   before,  and  while  the      fin,  or  annulus,  termed  "  washering,"  between 


E^^r-C5.^"^ 


Fig.  222.— Mechanism  of  Plate-Closing  Riveting  Machinl^ 


rivet  is  being  closed.  It  was  designed  for  the  plates.  The  plate-closing  device  avoids 
dealing  with  the  thick  plates  of  marine  boilers,  this.  The  details  of  this  for  a  100  ton  riveting 
which  range  from  1  in.  to  1^  in.  in  thickness,      by  Messrs  Fielding  k  Piatt  are  shown  in  Fig. 
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222.  Here  a  is  the  riveting  cylinder,  b  the 
plate-closing  cylinder  contained  within  a.  c 
is  the  movable  riveting  ram,  sliding  within  the 
cylinder  a,  and  d  is  the  plate-closing  ram  slid- 
ing within  c.  E  is  the  valve  from  the  accumu- 
lator, which  when  opened  by  a  lever  produces 
the  forward  movement  of  the  ram  d,  which 
carries  at  the  farther  end  of  its  stem  the 
annular  closing  tool  f,  fitted  and  held  within 
it  by  a  set-screw.  The  valve  G  being  then 
opened,  the  ram  c  is  thrust  forward,  with  the 
cupping  or  riveting  tool  H  at  its  end,  held  with 
a  set-screw.      The  effect  of  admitting   water 


inch,  varying  closing  pressures  may  be  given  on 
rivets,  of  30,  50,  or  80  tons  as  desired.  A 
plate-closing  device  is  fitted  on  the  holding-up 
side.  Water  is  saved  by  employing  a  small 
ram  on  the  back  of  the  head  to  move  up  the 
main  ram,  the  cylinder  of  the  latter  being  mean- 
while filled  with  water  from  an  overhead  tank  ; 
when  the  snap  reaches  the  rivet,  pressure  water 
acts  on  the  ram  and  effects  the  squeeze.  A 
stop-valve  is  provided,  to  avoid  the  necessity 
of  closing  down  the  pump  and  accumulator 
while  re-leathering  the  machine,  so  that  other 
riveters,  &c.,  q,re  not  interfered  with. 


Fig.  224. — Fire-Holo  Door  Riveting  Machine. 


behind  c  is  to  cause  some  of  the  water  behind 
D  to  flow  back  to  the  accumulator,  due  to  the 
excess  of  area  of  c  over  that  of  d.  The  pressure 
due  to  the  area  of  d  is  still  exercised  on  the 
cupping  tool,  until  the  rivet  is  secured.  The 
whole  pressure  can  if  required  be  exercised  on 
the  cupping  ram,  by  simply  throwing  the  closing 
ram  out  of  action.     J  is  the  returning  ram. 

A  large  machine  of  fixed  pattern  is  illustrated 
in  Fig.  223,  Plate  XV.  It  has  a  gap  of  10  ft. 
6  in.,  the  main  frames  being  of  Siemens'  cast 
steel,  united  by  bolts.  When  working  from  an 
accumulator  pressure  of  1,500  lb.  per  square 
220 


Horizontal  Biveters. — When  riveting  tubular 
objects,  as  boiler  shells  and  pipes,  in  the  ordi- 
nary riveter,  a  riveting  tower  is  essential,  in 
order  to  give  head  room  for  the  work,  and  room 
to  lift  and  lower  it  in.  To  avoid  this  is  the 
object  of  the  horizontal  riveter.  In  this  the 
boiler  shell  is  placed  on  runners  on  a  bogie, 
and  being  run  to  the  machine  is  turned  through 
an  arc  on  the  runners,  to  present  successive 
rivets  to  the  machine.  The  method  is  like  that 
often  adopted  when  boiler  shells  are  being 
drilled  under  radial  drilling  machines  attached 
to  a  wall.     The  horizontal  riveting  machine  is 
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evTied  on  a  pivot  on  a  floor  bracket  £of  renOtdy 
adjustment  for  height^  and  so  baJancerl  that 
one  m&n  can  move  it*  Besides  this  there  are 
horccontal  machines  for  special  functions,  as  for 
riveting  buojs,  the  ends  of  steam  drums,  kKi., 
Poriabie  M&chir^es^ — The  portable  hydraulic 


Fig.  ^226. — 8c?<3tiQn  through  Cylinder  of  Hyrlraulie 
Hiv'et4ir. 

machines  are  ma^le  in  numerous  designs.  They 
have  been  de^'eloped  in  resptjnae  to  demands 
made  from  time  to  time  for  the  substitutiijn  of 
machines^  for  hand  riveting,  iti  situations  for 
which  previous  machines  were  unsuitable.  They 
are    provided    either   with    a    plain    eye    for 


lifting  them  al>t>ut,  or  with  a  hanger  of  simple^ 
or  compound  typ^»  It  is  thus  p<>S5iible  t-o  present 
portable  riveters  to  their  work  in  all  conceiv- 
able  positions,  and  without  disci^n  nee  ting  and 
re-making  pipe  Joints,  Many  are  suspended 
from  cranes  and  tjTivellers.  They  are  made  in 
a  wide  lunge  of  gap^i  and  powers,  with  a  rigid 
direct -acting,  or  a  hinged  fj'amework,  while 
many  are  of  special  designs  for  doing  some 
particular  class  of  work  which  standard  forms 
ai^  not  able  to  rea«h.  Two  or  three  selections 
only  fi"om  the  great  variety  of  forms  can  be 
illusti'at^dt 

Fig*  224  illustrates  a  40 -ton  power  fire-hole 
door  riveter,  by  Messrs  Fielding  *fc  Plattj  Ltd, 
It  is  suspended  by  the  bow  a>  which  carries  a 
bos-s  and  gudgeon  b  at  its  lower  end,  aiT^und 
which  the  machine  itself  can  be  rotated  to  aU 
angles  by  the  w^orm  gear  c.  The  machine  h 
carried  on  a  rigid  bar  o,  w*hich  terminating 
in  a  boss  permits  the 
machine  t'O  Ije  pivoted 
at  ttj  and  to  w*.»rk  at  an 
angle.  The  lever  and 
valve  at  K  regulate  the 
pressure  water  behind 
tlie  ram  f.  o  is  the 
drawback  cylinder,  which  works  under  constant 
pressui'e  tii  rough  the  pipe  &  ;  H  is  the  exhaust* 

A  portable  riveter  employed  for  the  furnace 
mouths  of  marine  l>oilers^  when,  the  end  plates 
ai'e  tiangerl  ^jutwards  to  joiJi  tlie  shell,  is  shown 
in  Fig,  225,  Plate  XV.  The  riveter  is  pivoted 
on  a  gudgeon  as  in  Fig.  224.  The  beak  is 
made  loose,  and  of  forged  steel,  in  order  that 
it  may  be  shallow  en<iugh  to  work  in  narrow 
spaces  between  the  furnaces.  The  eflfective  gap 
is  4  in*,  and  the  power  40  tons, 

A  section  is  given  through  a  standard  type 
of  cylinder,  Fig.  226j  used  for  the  direct-acting 
maeliines  by  MeHSt^s  Fielding  *k  Piatt,  Ltd, 
It  shows  a  steel  casting  with  a  gland  shaped 
cover  A  through  which  the  water  enters  from  the 
valve.  It  fits  closely  with  an  hydraulic  leather, 
the  cylinder  being  bushed  with  gun-metal.  The 
ram  b  receives  the  cupping  dies  at  «,  The 
drawdmck  cyHnder  c  receives  a  constant  supply 
uf  pri^surc  water  thixiugb  the  pipe  &,  so  I'e turn- 
ing tbe  ram  d  as  soon  as  the  valve  which  sup* 
plies  it  is  closed, 
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A  bear  type  of  direct-acting  riveter  by 
Musgrave  Bros,  is  showu  in  Fig.  227,  Plate  XV, 
The  objection  to  this  type  is  that  it  cannot  be 
used  in  comers,  but  in  other  situations  it  is  very 
satisfactory.  The  main  ram  is  automatically  re- 
turned by  a  small  ram  under  constant  pressure. 
The  hanger  is  of  the  bow  type,  which  permits 
the  machine  to  be  turned  about  into  any  position. 
The  gun-metal  hook  from  which  the  hanger  is 
suspended  is  hollow,  and  it  forms  a  medium 
for  the  passage  of  the  water  to  the  flexible  pipe 
going  down  to  the  -  gudgeon  joint.  There  is 
also  a  hook  on  the  latter,  for  suspension. 


mechanism  is  shown  in  Fig.  228.  a  and  B  are 
the  two  lever  arms  pivoted  at  c ;  D  is  the  cylinder, 
E  the  ram,  f  the  valve  which  controls  the  water 
supply  to  the  cylinder.  G  is  the  return  cylinder 
and  ram.  These  riveters  are  made  with  the 
common  bow,  and  with  compound  hangers. 
They  are  made  in  sizes  ranging  from  15-in.  to 
60-in.  gaps,  and  with  openings  from  12  in.  to 
15  in.  wide. 

Another  method  of  operating  the  levers  is  by 
a  straight  ram,  pressing  against  a  roller  at  the 
end  of  the  opposite  lever.  Fig.  229,  Plate  XV. 
The  two  levers  pivot  upon  a  gudgeon  pin,  and 


Fig.  228. — Cylinder  and  Ram  Actuating  Hinged  Riveter. 


One  of  the  most  valuable  of  the  portable 
riveters  is  the  Fielding  patent,  in  which  the 
hydraulic  cylinder  and  ram  occupy  respectively 
one  end  of  two  levers,  the  other  ends  of  which 
carry  the  riveting  dies,  the  levers  being  hinged 
midway.  The  cylinder  and  ram  are  curved  in 
the  plane  of  their  common  axis,  and  their  centre 
line  follows  the  radial  path  of  the  arms.  Con- 
necting rods  are  thus  avoided,  and  the  design  is 
perfectly  rigid  in  working.  The  advantage  is 
that  the  action  of  the  riveting  dies  is  not  inter- 
fered with  by  the  obstruction  of  the  cylinder, 
and  that  they  can  therefore  be  got  into  corner 
work  otherwise  unapproachable.  The  essential 
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the  whole  machine  is  suspended  from  a  hanger 
which  is  provided  with  worm  gear  for  angling 
about  the  axis  of  the  gudgeon  pin ;  there  is 
also  a  worm  gear  on  the  suspension  link,  which 
holds  the  arch  of  the  hanger  up  by  two  rollers, 
the  worm  turning  a  pinion  engaging  in  a  rack 
cut  on  the  top  of  the  arch,  so  that  the  latter 
may  be  moved  to  right  or  left  to  tilt  the  machine. 

An  average  of  from  80  to  100  rivets  per  hour 
can  be  closed  in  boiler  work  with  a  fixed  machine. 
1,500  rivets  per  day  of  ten  hours  can  be  put  in 
bridge  and  girder  work  with  a  portable  machine. 

Pneumatic  Riveters,  —  Compressed  air  has 
been  used  for  about  twenty  years  for  the  opera- 
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tion  of  portable  riveters.  An  early  form  is 
Allen's.  It  is  a  hinged  riveter,  its  levers  being 
pivoted  at  the  centre,  and  being  actuated  by 
the  movement  of  a  piston  attached  near  the 
middle  of  one  lever,  and  moving  the  ends  oppo- 
site the  cupping  dies  through  a  series  of  links. 
The  action  is  such  that  the  pressure  exercised 
is  slight  at  first,  but  increases  gradually,  and  is 
at  a  maximum  at  the  moment  of  final  closing. 


r:  3 


pneumatic  hammer  type  of  riveter  held  in  the 
hand,  the  yoke  form  of  machine  is  preferable,  in 
which  the  head  of  the  rivet  receives  support  in 
opposition  to  the  hammer  blows  of  the  snap. 
Often  the  yoke  cannot  be  used,  as  in  riveting 
done  over  large  areas,  as  ships'  decks.  Then 
the  support  and  the  hammer  must  be  wholly 
disconnected.  In  such  cases  the  deck-riveter. 
Fig.  230,  Plate  XV.,  is  useful.     The  hammer 
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Fig.  231.— Boyer  Yoke  Riveter. 


Pneumatic  rivetipg  has  advantages  over  hy- 
draulic by  reason  of  the  superior  lightness  and 
portability  of  the  machines.  There  is  room  for 
both  in  a  large  works.  But  the  fact  that  com- 
pressed air  can  be  used  for  chipping,  caulking, 
drilling,  reamering,  &c.,  is  all  in  favour  of  the 
installation  of  a  compressed  air  plant.  Though 
large    rivets    can    be    driven    by    the    simple 


is  placed  inside  a  shell  pivoted  on  the  end 
of  a  tube  which  is  connected  at  the  other 
end  to  a  ci'oss  axle  carrpng  two  wheels  which 
run  upon  the  deck.  Suitable  weights  are 
dropped  on  to  the  tube  near  the  hammer  to 
keep  it  down. 

The  gap-riveters  of  pneumatic  type  include 
also  the  hammer  class,  in   which,  instead  of  a 
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steady  squeeze,  a  number  of  blows  are  delivered 
by  a  mechanism  similar  to  that  in  the  Pneu- 
matic Riveting  Hammer.  The  result  is 
that  the  frame  does  not  have  to  withstand  a 
great  force  tending  to  thrust  the  arms  apart, 
and  consequently  a  very  light  construction  can 
be  adopted.  In  Fig.  231,  which  illustrates  the 
Boyer  gap-riveter,  made  by  the  Consolidated 
Pneumatic  Tool  Co.,  Ltd.,  the  frame  is  of  tub- 
ing, bent  into  horse-shoe  form.  Two  sizes  of 
machines  are  made,  for  rivets  up  to  1|  in.  and 
\\  in.  diameter  respectively,  and  with  a  reach 
in  the  gap  of  from  30  in.  up  to  72  in.  The 
frame  has  a  clip  at  the  top,  by  which  it  can  be 
suspended.  The  riveting  head,  and  the  opposing 
holder-up  are  held  in  the  ends  of  the  tube  by 
cotter  bolts,  through  intermediary  brackets, 
which  permit  of  adjustments  being  made  by 
slacking  the  three  clamping  bolts  in  the  riveter 
head,  and  sliding  the  latter  longitudinally,  the 
holder-up  having  a  similar  fitting.  The  space 
between  the  snaps  should  be  about  |  in.  more 
than  the  length  of  the  rivet  to  be  closed.  The 
stroke  of  the  snap  piston  is  5  in.  in  one  machine, 
and  6  in.  in  the  other.  The  air  is  admitted,  at  a 
pressure  of  about  100  lb.,  through  the  coupling 
tubes  at  the  end  of  the  riveter  head,  and  is  con- 
trolled by  twisting  the  handle  or  sleeve  on  the 
pipe,  which  puts  passages  into  communication 
similarly  to  those  operated  in  the  Pneumatic 
Drills. 

Representative  tools  used  for  pneumatic  rivet- 
ing are  shown  in  the  article  on  that  subject. 
Pneumatic  riveters  of  one  or  another  design  will 
do  all  that  can  be  done  by  hand  riveting,  and 
more,  because  they  will  work  in  confined  situa- 
tions where  there  is  not  room  for  hand  work. 
The  cost  of  pneumatic  riveting  of  J-in.  rivets 
is  4s.  6d.  per  hundred,  that  of  hand  riveting  is 
10s.  6d.  In  America  pneumatic  riveting  is 
given  as  6s.  7d.  per  hundred,  hand  riveting  as 
15s.  per  hundred.  The  machine  riveting  gives 
better  results,  there  are  fewer  loose  rivets,  and 
the  heads  are  perfect. 

llaiid  V.  Machine  R'weting. —  Hand-closed 
rivets  can  often  be  distinguished  from  those 
which  are  machine  closed  by  their  better  finish. 
The  snap  in  hand  riveting  makes  a  neat  annulus, 
and  clean  edges  around  the  rivet,  while  in  rivets 
machine  closed  there  is  usually  a  sensible  thick- 
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ness  left  around  the  rivet  edge.  The  work  is  none 
the  worse  for  that,  and  in  most  cases  it  is  certain 
that  machine  riveting  is  more  efficiently  done, 
especially  in  steel  rivets,  many  of  which  when 
closed  by  hand  become  cracked  by  the  finishing 
work  done  upon  them  while  at  the  blue  or  black 
heat.  When  closed  by  machine  they  are  finished 
while  yet  red  hot.  Professor  Kennedy's  experi- 
ments on  riveted  joints  did  not  show  that 
machine  riveting  imparted  a  higher  ultimate 
strength  to  a  riveted  joint  than  good  hand 
riveting.  But  they  proved  conclusively  that 
machine  riveting  makes  tighter  joints,  so  that 
slipping  in  the  latter  case  does  not  begin  until 
about  twice  the  load  is  reached  which  produces 
slip  in  a  hand  riveted  joint. 

Rivets  should  never  be  too  long  for  the  plates 
which  they  have  to  go  through.  If  they  are  too 
long,  and  closed  with  a  power  riveter,  something 
will  have  to  yield,  and  it  may  probably  be  the 
plate  between  rivet  holes.  Closing  by  hand 
will  not  produce  this  effect,  the  only  difference 
being  that  the  closed  tail  when  snapped  will  be 
standing  higher  than  as  though  the  rivet  wei-e  of 
the  correct  length. 

That  a  rivet  should  well  fill  up  its  hole  is  of 
more  importance  than  that  the  tail  should  be 
neatly  turned  over  and  finished.  This  point  is 
in  favour  of  machine  riveting,  because  the  full 
pressure  is  transmitted  through  the  mass  of  the 
rivet,  squeezing  it  until  it  fills  up  its  hole.  In 
much  hand  riveting  the  blows  delivered  upon 
the  tail  are  so  light  that  the  snap  is  simply 
turned  over  and  formed  without  any  appreci- 
able pressure  being  transmitted  through  the 
body  of  the  rivet.  The  larger  the  rivet  the 
more  marked  is  the  diflerence  in  this  respect 
between  machine  and  hand  riveting.  The  object 
sought  should  be  to  shorten  and  expand  the 
rivet  shank  by  endlong  blows,  before  turning 
over  and  snapping  the  tail.  If  the  tail  is 
beaten  over  first  without  regard  to  the  shorten- 
ing of  the  shank,  the  latter  will  not  fill  up  the 
hole  quite  closely,  and  the  risk  of  leakage  or 
weeping  is  incurred.  In  machine  riveting  the 
closing  pressure  is  directly  endlong,  effecting 
the  shortening  and  expansion  of  the  shank  first, 
and  the  snapping  of  the  tail  afterwards.  The 
thicker  the  plates,  or  the  greater  their  number, 
the  pjreater  is  the  advanta«;e  to  be  derived  from 
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iiiiM:hme  riveting.     It  is  &s  ensy  t*>  make  a  long 
I       rivet  fill  up  it^  hole  as  a  shot't  on©  by  machine, 
but  it  is  not  so  easy  to  flo  so  by  hand  riveting. 
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Fig*  23-2*— Exftmpk«of  Riveting. 

vefced  joints.  A  is  the  proper  way  to  make 
A  joint  in  which  the  holes  have  been  punched. 
It  will  be  noted  that  tlie  larger  diameters  of 
the  holes  face  outwards  and  give  the  rivet  an 
opportunity  to  fiU  the  holes  properly,  and  assist 
in  pulling  the  plates  together,  u  shows  how 
the  plates  should  not  be  placed,  c  8hows  holes 
which  are  not  fair,  and  that  should  be  reamered 
out  before  the  insertion  of  the  rivet,  n 
illustrates  what  happens  when  the  plates  are 
not  ekised  pi'operly  at  the  time  of  Hvetingj  the 
effect  being  termed  wtMh4^rinif,  , 

Riveting  Tower.-— A  tall  shaft  built  at 
one  side  or  end  of  a  boiler  shop  to  receive 
Oomiah  and  Lancashire  boil  el's  slnng  vertically 
for  the  purpose  of  riveting  up  the  rings  and 
their  seams.  It  is  served  by  a  crane  and  ha« 
4i  fixed  riveting  machine  in  the  base. 

Rivet  Machine.— SV^  Heading  Machine^ 

Rivets* — The  standard  forms  t»t'  j'i^^ets  are 
«hown  in  the  group,  Fig,  233,  The  usual  pro- 
portions are  given  in  terms  of  the  diameter  d^ 
The  first  In  Fig,  233  is  the  cup,  or  spherical  head, 
the  tail  l)eing  of  the  same  fonn  ;  the  next  has  a 
pan  beadf  the  tail  being  still  spherical  The  third 
ifi  the  conical  or  ^ftdip  head,  which  is  a  frequent 
form.  It  is  used  especially  in  furnaces ^  and  cross 
tube^,  on  the  water  side.  It  is  also  a  favourite 
ape  when  light  hand  riveting  is  done,  especially 
sheets  and  in  cop|iersiwitIis*  work.  It  can  be 
finisheii  by  the  hand  hammer  without  a  snap, 
while  tlie  cup  form  ha,s  to  Ije  tii*st  beaten  o%^er  by 
hand  and  then  neatly  finished  by  a  few  blows 
delivered  by  a  sledge  on  a  snap.     The  fourth 
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is  a  rather  unusual  form,  having  a  head  of  elUp* 
midai  section,  and  a  tail  of  conoidal  form.  It 
is  supposed  to  be  a  compromise  between  the 
spherical  and  pan  heails,  and  the  spherical  and 
conicj^l  tails,  Tlie  comUersmik  form  which 
follows  is  used  when  Hush  faces  are  required 
on  one  side,  the  last  example  when  Ixith  facea 
must  be  flush  or  nearly  so.  It  is  seldom  that 
both  faces  are  I'cquii'ed  flush. 

For  forming  the  rivet  tail  the  allowance  in 
length  should  lie :  for  a  conical  tail,  diameter 
of  shtuik  X  1  -25 ;  for  a  cuppetl  tail,  diameter  of 
fihauk  X  1'5,  to  1'75;  for  machine  rivetijig, 
diameter  of  shank  x    1-65, 

It  i£i  ^nerally  held  that  there  Is  no  advantage 
but  the  contrary  in  making  a  rivet  head  or  tail 
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Fig.  233,— Proportions  of  BiveUL 

unusually  large,  but  that  the  smaller  head  and 
tail  will  hold  more  tightly  than  the  larger.  Pro- 
fessor Kennedy,  however,  in  his  researche.^  on 
riveted  joints  for  the  Institution  of  ^fechanical 
Engineers,  found  tliat  increasing  the  weight  of 
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the  heads  and  tail 8  of  rivets  harl  a  markr^i 
effect  tn  increasing  the  strength  ni  a  joir*t*  *Vii 
addition  of  about  one-third  to  the  weight  of  th* 
riveti  all  of  course  going  into  tlie  head  and  Uit 
addeii  about  8 J  per  cent,  to  the  resistance  of  llr 
joint.  |'in»  ir<iii  phites,  which  with  the  li^lvtT 
rivets  tore  through  at  a  sheaj*ing  stre«>K  of  20  uhu 
per  square  inch,  remaitied  nn  broken  with  thf 
heaviei'  rivets  at  a  shearing  stress  of  22  ton*  pcf 
Sipjaie  inch,  at  which  the  rivetii  gave  war. 

Road  Sand. — The  scrapings  i>f  €inty  rosd* 
are  usc<i  in  some  districtii  in  the  prejmmtif^n 
of  moulding  fiandfi. 

Roasting.  — *SVv'  Calcining. 

Robert  Converter.  —  *»'  Bessemer 
Converter. 

Rock  Drills. — ^ Percussive  toijls  eii>plityf*i 
for  hur'ing  liules  in  rock,  (fed  for  blasting  chcir]swi, 
werlging,  tl'c.  Tlie  tool  is  driveii  against  tlie 
riK'k  a  great  number  of  time**  Ln  a  minute,  jmhJ 
at  each  stroke  is  partially  ri>tat4^d»  so  4w  lo  firxv- 
duce  a  circular  hole,  Conrpresse*!  air,  stmin» 
and  electricity  are  employed  as  agents  for 
operating  drills  ;  in  the  two  first*naiiied.  the  tiv 
and-f r*:i  motion  is  effected  by  a  piston  nr  pktimrr 
sliding  within  a  cylinder,  and  driven  in  alteniale 
dii'ections  by  the  preftifinre  being  let  on  eithrr 
side  alternately ;  the  entiy  of  the  steam  *3r  lur 
is  controlled  by  a  eircuhu*  val^'e,  opemtfed  by 
tappets  i^ truck  by  the  pistcin^  or  by  the  aetion 
of  the  air  or  steam  itself ;  the  latter  being  tiif 
most  effective  type.  The  cylintler  is  carrinl  in 
a  eradle,  along  the  slide- ways  of  which  it  «»« 
be  fed  by  a  feerl  screw  iwid  handle  ;  tlic  ^nS» 
is  iixed  in  a  suitable  holder,  eotnprUing  eilJict 
a  trijfod^  or  a  vertical  or  horizontal  }-ill»r; 
w^hen  work  is  done  in  tunneU  the  tn*|»«Mi  ciJi 
be  dispense*!  with,  and  a  tnimtd  L!4>lnnin  «y- 
ployed,  consisting  of  a  still'  bur,  which  i«  *t*i  un*k 
fixed  by  foitiing  a  coiaple  of  screws  oo  ' 
agfiin«t  an  opp<iS)ing  ?iurfii<H%  t'  '  ' 
end  takes  a  bearing  ugainnt  an 

Fig.  234  i^  a   section  thfi«i 
Hardy**   drill,    niudb    by    the 
Pick  Co.,  Ltd.    The  ^lle^l,  ©r  > 
tlic    cylinder    \\    fed    In 
sjcrevv  e*     The  pifitttm  ' 
t^a  ^plit  ringa  t4>  it 
and  it  i«  prulongcd 
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r  into  an  enlarged  hciad  whicJi  receiveij  the  end 
if  tile  drill,  holding  the  Utter  bj  a  bolt  and 
it.  The  valve  %  controls  the  admission  to 
h  end  of  tJie  piston  ;  air  first  gets  to  the  I'ear 
end  of  the  piston,  driving  it  forwards ;  and  the 
eiduitistT  riLshing  out  in  fn>nt,  goes  up  the  long 
paaMg^  to  the  right,  and  throws  the  valve  over, 


"eacl 


aiTiund  the  arm  by  worm  gear.  A  universal 
adjustment  is  thus  obtained.  Two  screws  are 
often  used  on  the  foot,  the  term  double-acre w 
column  or  shaft  bar  being  then  applied.  Stop- 
ing  bai*s  are  made  with  a  single  screw.  A 
quariy  bar  is  a  horisontal  one  supported  on  four 
legSj  canning  the  drill,  which  can  be  slid  along 


237.— Itigeraoll-Sergeunt  Rook  DrilL 


tliUB  admitting  live  air  to  the  front,  and  ex- 
hausting at  the  back.  With  a  3  in.  machine, 
«f  6-in*  stroke,  a  «peed  of  from  600  to  650 
Vim  i>k^  per  minute  is  at  tain  eel,  using  air  at  60 
IK  pressure.  At  40  lb.  per  sq.  in,,  400  to  500 
blows  per  minute  can  be  struck.  The  mtating 
deWce  in  Fig.  234  comprise  a  spirally-fluted 
rod,  n,  fitting  in  a  nut  in  D,  and  held  at  it^s  end 
ill  a  ratchet  wheel,  which  in  ctmj  unction  with 
pring  pawls  within  the  end  of  ii  cause  g  to 


to  drill  a  number  of  holes  in  line.  A  trans- 
verse motion  of  the  entire  machine  is  given 
after  the  row  has  been  drilled,  to  make  another 
rcrw  pjii'allel  thereto.  The  ijnarry  bar  is  used 
ill  stone  quarries  for  getting  out  dimension 
stone. 

Pig.  236,  Plate  XVI.,  represents  the  Hardy 
machine  on  a  tripod,  and  in  operation,  drilling 
vertically. 

The  Sergeant  drill,  Fig,  237,  has  an  auxiliary 


v 
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Fig.  238.— Ingersoll  Valve  Clxeat. 


stationary  when  D  is  moving  backwards, 

giving  0  a  partial  turn. 

Tbe  Harfly  machine  on  a  shaft  bar  or  single- 
%crew  column  is  shown  in  Fig*  235,  Plate  XVI. 
A  hinged  bracket  enciiTles  the  column^  and  this 
carrier  a  projecting  arm  on  which  the  cradle  is 
held    through   an   intermediate   sleeve,  moved 


valve  motion  as  seen.  The  parts  letteretl  are  : 
the  shell  A,  cylinder  a,  feed-screw  c,  crank  o, 
piston  E,  main  valve  f,  and  rotation  o.  A 
valve  plate  lying  lx*tween  the  cylinder  and  the 
main  \*«Jve  chest  has  an  extension  fitting  into 
a  recess  in  the  cylinder ;  an  arc-shaped  groove 
is  cut  in  which  a  light  valve  of  curved  form 
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alkies  easrily.  The  length  of  the  valve  is  such 
that  one  end  or  the  other  must  pi*ojet5t  into  the 
eylinderj  so  that  as  the  piston  E  mov&s  along  it 
strikes  the  valve  and  throws  it  up  a  very  httle, 
and  has  the  effect  of  opening  a  small  port, 
which  relea,ses  the  pin?ssure  fr<>ni  cjne  end  of  the 
valve  F.  The  full  pres^sure  on  the  opposite  end 
of  F  drives  it  back,  and  lets  in  the  pressure  t*:i 
the  piaton  for  the  return  stroke.  The  positive 
action  of  a  tappet  mechanisni  is  thus  secured, 
without  the  corresponding  disadvantages  in- 
curi'ed  in  some  of  the  older  tappet  dnlls,  while 
the  variable  stroke  of  the  main  valve  i^^  retained, 
A  new  form  of  valve  cheat,  shown  in  Fig,  238,  is 
applied  to  the  Sergeant  drills  with  the  object  of 
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Fig.  230.— Rock  Drills. 


compensating  for  wear  on  the  valve,  which  is 
liable  to  impair  the  prtiper  action.  Tlie  valve  is 
marked  A,  and  the  supply  ports  n^  b.  Small 
ports  or  by-passes  c,  c  connect  n,  n  with  the 
ends  of  the  valve  chest,  through  transverse 
holes ;  setting  screws  d,  d,  adjusted  by  turning 
squared  necks,  provide  for  altering  the  amount 
of  opening,  so  that  as  air  leaks  past  a,  due  to  its 
wear,  the  regulating  jjcrews  d,  d  may  l)e  turned 
in  further,  restricting  the  leakage  thi'ough  the 
ports  Cj  c,  and  so  restoring  equilibrinm  to  a. 
The  screws  E,  E  merely  serve  to  lo«k,  and 
protect  D,  D. 

Four   of   the   moat   common    types   of    drill 
points  ai*e  shown  in  Fig.  239.    A,tlie  chisehfilmpe^ 
is   suitable   for  homogeneous  rtxjks   free  from 
228 


faults ;  it  cuts  rapidly,  and  is  easUy  slmrpunfl. 
But  in  rocks  whicli  are  composed  of  uti€veiiUji*rk 
with  fissuj-es,  this  bit  is  liable  to  stick,  to  ^ 
out  of  line,  and  .^o  give  trouble.  The  cn*s»*lijU 
B^  iind  c  are  therefot  e  used  for  such  gnmod.  &«fi 
rocks  can  sometimes  be  advantage* *u&ly  worV^d 
by  the  Z-bit,  D.  Tlie  last  three  ends  are  mncr 
difficult  to  trim  and  sharpen  tJian  tlit?  ftwi. 
The  cross  shape  b  v^  on  the  whole  m^^  rrmrf 
than  the  others. 

Electricity  is  a  rival  to  steam  and  Crtmr 
pressed  air  for  the  operation  of  rock  drilh. 
Fi^.  240  show^  one  method  of  prodtadnir  di^ 
recipix^cating  motion,  in  tJie  Handy «'  In 

machine.     Here  a  plunger,  a,  pnn  \  i 

trxil  socket,  d,  is  guided  tlin/ugh 
a  l>earing»  K  ^l  the  end*  Jiiifl 
slitie-s    in    a    steel    tube  sur- 
rounded by  soleniMds,  »  nud  c 
The  flo!enoi*ls  are  eouipOjiHi  i»f 
square    section    copper    «rirp 
wound  over  mica  sleeves,  witl* 
a  steel  jacket  outside  of  ttll> 
Current  is  brought  to  tbe  coil« 
through  terminals  at  o^  atid 
by  employing  an  altematiiii; 
current  of  Sow  f re<|uency»  III*? 
magnetic  effort  induced  in  rin^li 
solenoid  is  varied  from  maii 
nmm  to  minimum  altematt^lyi 
so  that  the  plunger  A  is  drftwn 
u%  antl  fro  rapidly,  making  3S5 
iij  I  pulses    per    minute.     Tlie 
return  stroke  of  the  plungw 
is    received   by  a  strong   helicoidiil  spring*  R, 
which  also  helps  it  for  wait!  on  tlie  oat^Lrokt^ 
Tlie  partial  rotation  of  the  drill  is  efiected  by 
a  riiled  ratchet  rtitl,  f,  in    ronjum  t?  K  • 

ratchet  wheel,  n\  F  tita  a  nut  in  tin  jt 

The  feed-sciiew  h  is  turned  by  tlie  hn 
A  special  design  of  generator  is  inwni  to  |i[«'tii 
the  I'equired  curi-ent  for  t)je  drill,  thnmeh  I 
rings  and  commutators  which  h8^ 
of  forming  a  wiivt*  with  a  f!iit  f^»r» 
half  a  revolution* 
Fig.    241,    PI 
muujited  uptin 
Thi?  joiutinr 
drill  to  . 
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leg,  and  keep  the  macliine  down  against  the  resistance 
of  the  ctitting* 

Rocking  Grate  Bars.— Sf^  Mechanical  Stokers 

Rock  Sand. — Abraded  rock  used  in  sand  mixtuix^s 
for  cores, 

Rock-Shaft  or  Rockini:  Shaft.— The  weigh-shaft, 
weigh-bar,  or  r^e veiling  shaft  of  i-e versing  valve  gears. 
B^  Link  Motions^ 

Rod  Chisel' — The  ismith's  sjett  or  chisel  held  by  reins 
or  hAiidte  i»f  withy  or  iron,  so  termed  to  distinguish  it 
from  the  anvil  chisel 

Roddin^. — I  jay  in  g  short  lengths  of  iron  rod  in  mouldiii 
tu  supptjrt  the  sand  over  weak  seetiona 

Rod  Mill — A  rolling  mill  employed  for  producing  riKis 
fur  wire.  The  principal  type  is  described  under  Looping' 
Milt 

Rods- — The  round  sections  of  |  in.  or  less  diameter 
n:illed  specially  to  be  drawn  into  wire. 

Rolled  Beams— ^^^  Joist 

Roller  Bearings-  —  Tlie  stiKstitution  of  rolling  for 
aliditig  friction  is  the  desi^  embodied  in  these  bearings. 
The  difference  between  these  and  baU  bearings  is  only  that 
of  Ihm  and  jHnnt  contact,  rolling  being  the  principle  em- 
bodied in  both.  But  experience  proves  that  the  rolling 
of  cylinders  l^  better  than  that  of  balls  for  heavy  axlen, 
joariials^  and  shafting,  tlie  rollers  being  more  durable. 
The  advantages  over  sliding  friction  are  so  obvious  that 
the  roller  design  has  largely  taken  the  place  of  the  latter 
in  ekeaes  of  work  where  the  reduction  of  friction  is 
imperative,  and  where  the  extra  cost  can  be  incurred, 
A  roller  will  run  down  an  incline  of  1  in  100,  while  a 
block  of  polished  metal  will  not  run  down  a  well-oiled 
metallic  surface  with  a  slope  of  less  than  1  in  14,  Sinc^ 
the  introduction  of  these  bearings  a  good  many  designs 
have  been  offered.  They  may  be  divided  very  bitwidly  into 
,  rfie  flexible  types,  represented  by  the  Hyatt,  and  the  solid, 
^Pirkich  includes  all  other  types,  Hie  difference  is  that  in 
•"the  first-named  the  rollers  are  each  formed  by  winding 
a  strip  of  tough  steel  of  rectangular  section  into  a  helix. 
The  hehx  lies  in  close  contactt  and  foruLs  the  cylinder. 
The  advantage  claimed  over  solid  rollers  is  their  flexi- 
bility, by  virtue  of  which  tliey  will  aecomm«>dat^  t hem- 
el  vea  to  ineciualities  in  slmfts  from  want  of  exact  truth, 
\A  exact  aligmnent.  The  rollers  are  confined  in  tljeir 
boxes  either  by  means  of  yoke  guides,  or  of  pins  passing 
through  the  centre.  In  these  details  the  roller;^  of  dif- 
ferent makes  vary  widely. 

It  i**  seldom  that  rollers  ai-e  allowed  to  run  lofisely  In 

.their  cages  or  races.      It  is  usual  ehieil^'  in   the  conical 

Cirm  of  roDers  used  in  the  live  rings  of  tunitables.      In 
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ordinary  parallel  roller  bearings  the  Mution  set 
up  by  tlie  contact  of  adjitceiit  ixillera  would  be  un- 
fle^irable.  Hence  thej  are  kept  apart  by  aufes. 
In  some  cases  the  rollers  are  located  in  small  seta, 
aB  three  in  contact,  but  separated  from  other 
^ets  by  strips  in  the  cages,  as  in  the  yoke  guides 


Fig.  242,— Hyatt  Bearmg* 

of  the  Hyatt  tj-pe,  Fig.  242.    Fig.  243  illustmtes 
a  Hyatt  bearing  fitted  in  a  plummer  block. 

But  in  the  majority  of  instanceij,  perhaps,  ea-ch 
roll  is  carried  on  its  own  rod  or  pin,  a  series  of 
which  mn  along  the  cage  connecting  tha  circular 
end  rings.  In  another  design  the  main  rollers 
are  sepiirated  by  other  smaller  rollei's,  and  in 
others  the  end  rings  are  recesiied  to  receive  the 
ends  of  the  rollers.  The  ends  are  united  by 
bai'^  between  the  recesses.  Some  firms  fit  a  ball 
at  each  end  of  each  i-oller  to  reduce  its  friction. 


tion.  They  nin  between  an  outer  casing  or 
l^earing  and  an  inner  sleeve  which  Bts  tht*  nliah 
or  axle  Journal  closely,  and  the  outer  Hudu^^ 
of  which  forms  the  inner  path  for  the  nUliri^ 
Usually,  in  soHd  rollers,  all  parts  in  niiliiig 
contact  are  hardened,  and  thfii  conibin€»d  with 
the  n:>lling  action  has  yielded  reiuarbilil* 
results. 

Roller  Path. — When  a  massiTe  >um 
fcure,  sm  a  crane,  swing  bridge^  *>r  a  tum- 
table,  has  to  rotate  around  a  centra]  pbot, 
the  strain  on  the  pivot  is  relieved^  aiwi 
steadiness  of  niovement  secured  by  sup 
poi-ting    the    revolving   mass    on    ffillcn 
arranged  in  a  circle  of  large  radius.    Tn 
some  cases  a  belt  is  tyrned  round  the  pi^-ot, 
and  the  rcillers  run  round  this  belt  with 
their  axes  of  rotation  vertical.     This  meUirid  i* 
adopte<l  in  many  of  the  smaller  cmne^,    Tfi  «>ther 
ca^es  the  rollers  run  round  a  path  tiime«i  iit  xa 
angle  of  about  45"  on  the  edge  of  the  slewing rtoi?, 
the  axes  of  the  rollers  being  set  at  a  c-orre^iOBiJ' 
ing  angle.     Often  the  rollers  are  so  arranged  al 
front  and  Imck,  but  the  side  rollers  run  romul 
a  belt  on  the  post  as  before.     But  in  all  large 
cranes  and  turntables  the  axes  of  Uie  rollen 
lie  in  a  horizontal  plane,  and  they  run  betvm'U 
paths  the  faces  of  which,  witli  t!ie  p<lges  nf  ih^ 


Fig.  243.— Hyati  Bearing. 


In  some  conical  roller  races  a  similar  design  is 
adopted,  a  hall  being  fitted  centrally  in  a  recess 
in  the  larger  end  of  the  roller,  anrj  thrusting 
against  a  pin  screwed  in  the  outer  ring,  the 
endlong  pi*essure  of  such  rollei's  being  only 
outwards* 

The  rollers  sustain  all  the  frictii>n  of  revolu- 
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rollers,  make  c^jnic  frujstra,  with  the  C€Mktn>  rf 

revolution  of  th*^  crane  fi^r  the  iip*x.     In  j 
cases  the  upper  roller  path  is  ni  '*'    ^ 
rollers  then  run  on  a  lowr*^ 
hejtring5  in  a  ciTtnilrti 

run 
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ve  nxler  amzLj^Btait  ek.41  n4jer  maT 
<nm  ratui  roi.  bat  tiiAi  is  doc  usnaL 
■^  if  aboi^  ^^'exy  f  :«ith  roller  is  50 
d  to  xhit  c«xitre  ^4ece.  The  intenDediate 
OB  pizk«  idiKiL  are  l>:4ted  throagh  the 
giidg^  wiiicii  carry   the  entire  set  of 

ofler§  are  uscallv  cast,  being  amply 
MHidb  in  cast  iron  <x  <teel  because  they 
k  weD  di^triboted  l*:iad.  Tbe  frames 
i  of  chanTiri  section.  The  rollers  are 
IS  are  also  tbe  paths. 
rs^ — IMlers    are    employed    in    agri- 


sigoed  to  da  the  vvirk  o£  plain  rcill  tiumin$>  with 
gnettter  expeditioit.  One  of  the:S9\  by  Mawr 
Jt  Schmidu  is  shom-n  by  Fig,  -44.  "Hiere  are  twv> 
beds*  one  a.  on  which  the  headst^x^k  B  is  U4te\L 
and  the  divided  bearings  c»  i\  in  which  the  tv^l 
is  carried :  the  other  which  wceiws  the  carnage 
K  of  the  grinding  wheel  which  is  ttm^-enwd  aliuxg 
past  the  work.  Tbe  n^l  is  tewJved  by  a  three- 
stepped  cone  pulley  r  actuating  a  double  drivw. 
A  three^tepped  c\^ie  i;  tra^^rses  the  wheel  by 
means  of  a  long  screw  within  the  beii  A  re- 
versing  rod  H«  with  adjustable  dogs  «i^  «>  changes 
the  direction  of  ttmwr^.    There  are  t  w\>  CkHinter- 
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Fig.  -244.— Roll  Grinding  Machine. 


0  go  over  the  land  and  consolidate  it ; 

1  form  is  that  of  an  iron  roller  made  in 
ions,  to  pennit  of  easy  turning,  and 
\  on  an  axle  fitted  in  bearings  at  each 
lected  to  a  shaft  or  a  pole  to  which  the 
ure  yoked.  In  some  cases  a  number  of 
actional  rollers  are  strung  side  by  side  to 
\  the  required  width,  the  advantage 
it  the  turning  is  done  more  easily  and 
disturbance  of  the  soil.  Fluted  rollers, 
I  of  many  wheels  having  wedge-shaped 
used  also ;  the  soil  is  pressed  around  the 
the  crops,  or  the  seeds,  and  so  favours 
ind  checks  weeds.     Clod  crushers  are 

type    of    roller,    constructed    with    a 
)f  serrated  discs  t)r  rings  which  break 
rush  the  clods  of  earth. 
Grinding  Machines.— These  are  de- 


shafts,  one  J,  driving  the  work  and  the  ft»od  wne« ; 
the  other  k,  the  long  drum,  and  tlu>  pump  pulley. 

Rolling  Circle,  or  Generating  Circle.— 
Set  Gears. 

Rolling  Friction.— ^"^tf  Ball  Bearings, 
Roller  Bearings. 

Rolling  Load,  or  Moving  Load.  A  load 
such  as  that  of  a  locomotive  and  train  {taHNing 
over  a  bridge.  It  is  a  live  KmmI  int4MiMifhHl  by 
certain  concentrations  of  loads  in  ditTeivnt 
positions  which  stivss  the  memlKM's  of  tho 
structure  in  a  dangerous  manner,  lH»tw«MMi 
extremes  of  maxima  and  minima.  It  is  unuhI 
to  assume  that  all  the  W(»ight  of  etigiiuvs  is 
c(mcentrate<l  im  their  driving  wheels.  The 
stresses  due  tt)  this  have  to  Im»  cjiIcuIatiMl  for 
all  the  memlx^rs,  and  added  to  thc^  HtreHHt»M  <lurt 
to  the  weight  of  the  truHnes. 
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Rolling  Mill.— Thifi  tenn  signifies  the  actual 
mill  used  in  reducing  piles,  ingots,  blooms,  or 
billets  to  sectional  shapes;  or  it  denotes  the 
eiitii-e  aiiungements  of  the  shop ;  the  forgei  or 
mill  J  in  which  the  operations  of  rolling,  and 
those  which  are  a-llied  and  essential  thereto  are 
perfonned. 

Tim  Forge. — It  is  usual  to  apply  this  term  to 
the  rolling  mill  in  which  pudtlled  bars,  blooBoa, 
antl  slabs  are  prepared  from  tJie  puddled  ball. 
It  includes  the  squeezers,  hammers,  and  forge 
train,  or  puddle  rolls,  The  term  mill  i^  usually 
applied  to  the  department  in  which  the  blooms 
or  slabs  are  rolled  into  merchant  bars,  plates, 
and  <iectionjii»  Xo  such  distinction  is  made  in 
i^teel  work.  In  fact  the  essential  difference 
in  the  piling  and  welding  of  iron  in  small 
quantities,  and  the  fusion  of  steel  in  3arj;e 
masses,  results  in  radical  differences  in  the  lay- 
out ijf  the  mills*  In  ii'on  making  tl»e  puddling 
and  reh^iting  furnaces  are  gi^>uped  in  proximity 
to  the  squeezers,  Jiammei*s,  and  rolls.  In  steel 
making  the  furnaces  are  not  situated  in  the 
same  department  as  tiie  rolling  mills.  The 
masses  handled  being  so  much  heavier,  the  area 
of  the  shops  is  larger,  and  the  machinery  more 
powerful,  l>esides  whicli  the  plant  has  char- 
acteristic feJitures  of  its  own.  With  the  excep- 
tion of  the  actual  n>lls  there  is  little  resemblance 
between  the  plant  used  in  the  manufacture  of 
iron  and  of  steel.  The  difference  between 
handling  piles  of  from  3  to  5  cwl.,  and  ingots 
of  as  many  tons,  affects  everything — furnaces, 
the  sia!e  of  tlie  rolls,  cran^,  and  auxiliary  plant 
antl  machinerj'* 

Tli*^  RtMitig  JfiiL — The  actual  mills  for  roll- 
ing sectional  forms  include  several  types,  Tticy 
are  the  twtjt-h'ufh  miU^  the  original  fonn,  also 
termed  the  pull -over  tmll^  because  the  bai*s  or 
plates  have  to  be  lifted  and  pulled  over  the  top 
roll  after  each  pass.  Tliis  is  becoming  obsolete, 
except  for  some  special  kinds  of  work.  The 
(wij-hvjh  revenfimf  mill^  in  which  the  direction 
of  it>tation  of  the  rolls  is  reversed  after  each 
pas5^  in  order  to  avoid  the  lifting  and  pulling 
over*  This  repreiients  the  type  which  in  usetl 
moi'e  than  any  other  for  on  11  oar}'  heavy  work* 
The  thrre4iufh  milK  in  which  reversal  antl  the 
pull  over  ai'e  avoided »  by  passing  the  bar 
through  between  the  low*pr  and  middle  roll  lor 
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one  pass,  and  back  between  the  middle  aofi 
upper  i^oll  in  the  succeeding  \ms^,  Tim  ta  %m^ 
extensively,  but  to  a  much  greater  extent  io 
America  than  in  Britain.  The^se  are  the  typB 
of  mills  ordinarily  used  for  banst  plates,  «is*i 
sections.  Two  more  special  types  ar^  the  loop^ 
ing^  or  Belgian  milh  and  the  roudnuous  mill. 
The  first  named  comprises  jjpvpthI  sUmlt  iA 
three-high  I'olls  arranged  end  to  end,  and  tW 
wire  or  rod  is  looped  round  and  turoeii  bork 
after  leaving  one  roll,  into  its  sueee^s>ii»r.  iind  m 
on.  The  contiuuoufct  mill  is  a  two-high  mill 
having  the  stands  of  rolls  arranged  qjw  m 
advance  of  the  other,  so  that  the  bar  is  po^isiiit^ 
through  them  all  at  one  time.  The  ides  wa* 
to  avoid  the  pull  over.  It  is  not  used  for  tbr 
purpose  for  which  it  \vas  originally  defiigaed, 
that  of  roHing  rails,  but  has  been  krgrlt 
developed  for  wire  rcwb,  and  the  light  ^'cti0]u 
of  mei*chant  iron. 

In  steel  mills,  li%^e  rollem  aro  essentinJ  on 
account  of  the  weight  of  ingoU  and  skli* 
Tliey  comprise  a  series  of  njlls  of  fnim  II  in. 
to  24  in.  in  diameter,  driven  in  unison  hymitn- 
gears,  one  pair  to  each  roll,  froni  a  shaft  drivvn 
by  an  engine,  or  electric  mot*>r.  The  rolls  art 
of  cast  steeJ,  or  iron,  lei'el  with  the  fl'-Mtr  *^f 
juised  abfn^e  it,  and  having  fm^t  plates  hctwfH'u 
for  the  men  Uj  stand  on. 

When  three-high  mills  are  u^etl,  tables  haTf 
to  be  fitted  to  lift  the  ingot  or  plate  from  tlu^ 
lower  to  the  upper  pasw.  Til(^r,^  are  usecl  Cur 
turning  pieces  over  when  they  have  U>  he  •" 
bandied  betweeJi  successive  passes*  These  Jiir 
used  for  ingots  and  slabs.  Skid»  nr  travelling 
tablesf  aj'e  requireil  when  bars  and  sectiiins  Imve 
to  he  ti^nsfeiTed  l/iterally  from  injugliiu^  tj> 
iinisliing  rolls.  The  hot  btd  in  a  large  im*4 
occupied  by  bars  or  rail*,  on  whieli  the  Ii*u*h  ♦h' 
8ee trims  ai*c  placed  by  nkitls  and  left  to  ciwl. 

Rolling  Mill  Engines.— Engine*  uaed  fi'f 
driving  the  r-olling  mills  in  in>n  and  steel  wnrkK 
They  include  several  types ;  high  pne»wiu»\ 
either  non-condensing  oi*  comlensing,  and  geiicr- 
ally  horijtontal,  either  reversing,  or  mm* re veraiilif. 

Most  engines  are  of  iwersing  trjjf*  Th«*e 
were  introjiuced  by  Mi*  Uamslwttoin  *>f  Crewie 
in   order   to  avind    the    lalwur  of  ^ikI 

pulling  plates   ov^er  the   tnp  of   tl 
non^re versing    mills    used    up    1 
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pmlieted,  becwitv  it  ns 
the  fljw]i6el  witl]  its 
if  rpvprnoig  w«s  to  be 
ied,  nd  im^  Ifaen  all  tmil  engines  used 
Idl^  Hie  momecitQiB  td  which  was  c<ia. 
ti  essential  to  prevent  the  mill  fn>m  bein|*^ 
^  "  or  |ici]led  up  wbeti    a   bar  was  first 

Kktireei]  the  rolls.   But  the  iywbeel  was 
tiai  ill  the  days  of  low  st eam  pTi^mres, 
wm  pifiton  speeds,  and  heavy  recipmcuting 
It  waji  geoermllT  put  on  a  second  ^laft 
I  up  from  the  cfankshaft^  done  in  urder 

a  flprheel  of  moderate  dimensions.  In 
resent  engines  the  crankshaft  i^  coupled 
W  to  llie  njlls. 

rj^ontnl  rerefsuig  mdl  engines  ai*e  fre- 
\j  of  compound  tvpe,  often  aUti  ^'ith 
oaers.  Tvo  c? linderB  aj^  most  freciuent, 
let^  ai^  example  of  three-cylinder  engines 

are  ready  to  start  in  any  pc^tion  uf  the 
pios.  The  engines  are  geared  down  to 
[ils  in  the  proportion  of  2i  or  3  to  L 
ev^rsa)  is  effected  by  the  engine  driver, 
^Teives  the  slot  link  motion  of  the  valves 
and  of  a  small  steam  L-ylinder.  See  also 
rsing  Rolling  Mills* 
lis.  Roll  Turninir*— Helates  to  the  rolls, 

itud  <rroove<i,  w!iieh  are  used  for  the 
Ction  of  plates  bars,  rods,  and  the  numer- 
K^tional  fonus  of  iron  and  steel  ustftl  in 
actional  work.  Until  about  the  middle 
seventeenth  century'  all  5jljape»s  in  wt'imght 
whether  pUtes  i:»r  bars,  were  pnxiuced  by 
unmer*  Grooved  rolls  were  patented  by 
n  1783*  But  be  ?p<ike  of  them  as  l>eing 
irell  known^  and  his  patent  did  not  cover 
leparate  use,  but  only  in  connection  with 
goting  or  piling  of  iron  and  the  welding 
haping  of  iron  in  rolls  mstead  of  by 
ers.  But  the  geueml  sublstituti^.^n  of  roll- 
er haramering  dates  fi'om  this  period. 
peat  value  of  the  process  has  been  parti- 
bscured  by  the  other  invention  of  Cort, 
t  puddling.  For  an  account  of  the  i*oll- 
ills  before  Ojrt,  siee  a  valuable  ai'ticle  by 

Cirfee  in  Cns»Urs  Maijazliw^  April 
used  are  either  cast  iron,  cast  steel, 
fed  steeL  Cast  iron  is  the  material  most 
lly  employed.     Special  mixtures  are  made 


tough  aikd  dtimhle,  and  are  oist  Ti^ttiaLlly  in 
NHiulds  of  dried  aaiid«  or  kiani,  Theoe  are  used 
fir  the  wi*rk  of  nedoctioii.  But  for  finishing, 
when  a  ?«miioth  polished  sutface  is  re^tutretl, 
chille*d  rolls  are  usetl.  Th«9aa  an»  also  of  ra^t 
in>n,  hut  th**  wi»rking  surface  is  pimrenJ  against 
a  cylinder  of  cast  iri>n,  ht^rerl  smoi^thly.  llicsie 
are  termed  cAilM  rolls  ttv  di-stin^isJi  thrm  itoan 
those  cast  in  ^nd^  which  ai^  fjrain  rulls.  A 
good  deal  of  skill  and  experience  are  essential 
to  the  production  of  sound  chUletl  rolls,  ftt't* 
from  tension  ;  and  the  expense  of  tjie  chills*  and 
their  tendency  to  crack  and  rapid  wear  nearly 
double  the  cost  of  the  chilled,  by  comparison  wltli 
^rain  rolls.  Certain  chcuut'ttl  com^H^sition*?  ar& 
dessirable  in  order  to  obtain  sntticicnt  depth, 
and  hardness  of  chill.     ^^V**  C billing;^ 

Ciist-steel  mllfi  are  now  ust^tl  for  ci>gging 
mills,  as  being  stronger  than  cast  iiT*n,  Steely 
however,  does  not  chilly  and  i*  thus  not  suituble 
for  taking  the  place  of  chiUetl  cast-iron  rolls. 
Forged  stt^l  is  often  employed  for  the  larger 
sizes  of  plate  ixjUs.  The  advantage  is  that  the 
diameter  am  be  kept  dowii^  and  tlie  weight 
and  dimeiision»  of  the  nvlHng  mill  tlioreby 
lessened.  Rolls  which  are  long  in  proportion 
to  diameter  would  break  in  cikst  iron,  while  in 
forged  steel  they  would  spring,  the  effect  of  which 
can  be  counteracted*  Some  grooved  rolls  an* 
also  made  in  steel,  as  when  there  are  keen  edges 
which  would  receive  damage  in  cast  iron.  Steel 
rolls  must  be  of  special  compcmition^  oniinnry 
nnld  steel  would  be  too  soft^  and  therefore 
hardening  aLloys  must  be  introduced. 

RolN  for  plates  have  to  bt*  turnt*<l  rather 
smaller  al>out  the  central  parts  thuu  at  the 
ends»  because  they  expand  by  the  bent  t>f  roll- 
ing, Tjong  tolls  also  spring*  S'^*'  Plate  Mtlh 
Rtills  for  !*ectiunal  forms  give  no  trouble  in  tbjn 
respect.  Th(*  chllicultie.s  in  these  lie  in  impart* 
ing  the  correct  amount  of  dritught  U^  the  suc- 
cessive passes,  the  choioe  of  the  liest  methods 
for  the  suppi*easi4>n  of  fin,  and  the  provisioiiH 
necessary  for  doing  suflicient  work  upiiri  the 
metal  without  dist tossing  it  over  much.  The 
deeper  the  grooves  the  gixmter  the  ditficultie^, 
the  most  awkward  shapeii  being  ehantielf  and 
joist  sectiona.    Sef  Channel  RoUSt  atid  Joist. 

The  amount  of  taper  is  determined  l>y  the  depth 
of  the  grooves^   lieing    increase*!   with   depth, 
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Hence  when  possible,  as  in  angle  sections,  these 
are  rolled  with  both  webs  placed  at  about  equal 
angles,  so  lessening  the  amount  of  tearing  or 
scraping  action  w  hich  goes  on  in  nearly  perpen- 
dicular faces.  The  ts mailer  the  diameter  of  the 
rolls  the  greater  the  tlifierence  in  the  surface 
speeds  afc  the  periphery  and  nearer  the  centre. 
Hence  large  rolls  are  preferable  to  small  oneSp 
but  they  cost  more,  and  take  moi'e  j>ower  to 
dHve,  Tliere  must  therefore  be  a  balancing  of 
conditions  in  tlieli'  tiesign,  Tlie  roll  sections 
are  determined  by  the  forms  to  be  rolled,  hence 
the  distinction  between  open^  and  closed  passes. 
In  the  first  there  is  an  open  space  between  the 
rolls  into  which  fin  is  squeezed,  but  which  is 
obliterated  by  turning  the  bar  round  in  the 
succeeding  paas,  as  in  rolling  rounds  and  squai'cs. 
But  in  angles^  channel,  joist,  and  allied  sections 
which  cannot  be  turned  about,  the  pa.5ses  are 
closed  by  collars  turned  on  the  lower  rolls,  and 
^tending  above,  and  enclosing  the  section,  so 
that  no  fin  is  permitted  to  form. 

The  upper  roll  in  always  made  rather  larger 
in  diameter  than  the  lower,  in  order  to  slightly 
stretch  the  upper  surface  of  the  plate,  bar,  or 
section,  and  so  cause  it  to  curve  downwards  to- 
wards the  floor.  The  difference  is  slight,  rang- 
ing from  about  \  in.  t^y  1  in*j  increasing  with 
the  diameter,  and  w^ith  deep  sections. 

The  amount  of  reduction,  or  dran^ht  at  each 
pass  varies  extremely.  Speaking  genei-ally,  it 
is  made  as  lai'ge  in  amount  as  |MJS3ible  in  onler 
to  expedite  the  work*  The  amount  of  reduction 
may  vary  from  20  per  cent»  in  roughing  to  15 
or  10  per  cent,  in  finishing.  It  varies  with 
temperature,  since  in  the  early  passes  a  greater 
reduction  c-an  be  made  than  in  the  later  when 
the  bar  is  cotjler.  It  varies  also  accoi'ding  to 
whether  the  webs  are  nearly  of  the  same 
section,  or  greatly  different,  since  the  thinner 
portions  must  control  the  amount  of  reduction. 
The  speed  of  rolls  varies  in  diffei'cnt  cases  from 
30  up  to  600  revolutions  per  minute,  the  slower 
speeds  being  for  cogging,  and  for  plates,  the 
higher  for  the  rod  mills.  Tlie  tendency  is  to 
increase  speeds. 

Roll  Ttmtifig. — This  is  the  work  of  a  mau 

who  is  responsible  for  the  results  of  the  rolling. 

He  designs  the  shapes  of  the  grooves  and  the 

amount   of  draught   of   the   successive  passes. 
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Tlie  successive  passes  are  marked  on  a  con- 
struction line,  which  passes  very  approximately 
thi-ough  the  centre  of  gravity  of  the  sections. 
Experience  alone  Ijecomes  the  guide  to  the 
draughts,  and  the  tapers,  and  the  provision  for 
removing  fins. 

The  lathe  used  is  of  dead  centre  type,  in 
which  tlie  roU  is  rotated  by  gears,  either  betweea. 
the  dead  centres,  or  w^ith  the  necks  in  bearinga 


Fig.  248,— EoM  Taming  Tool- 
rigged  up  on  the  bed.  Fig,  245,  Plate  XVT 
illustrates  a  22J-in.  lathe  driven  through  Ijelt- 
pulleys  and  gearing*  It  has  one  set  of  neck 
i^sts,  with  rest  bar  foi"  turning  plain  chilled  or 
grain  i»lls,  and  also  a  necking  rest,  adjacent  to 
the  loose  head  stock, 

A  12-in.  centre  lathe,  driven  through  a  step 
cone,  is  shown  in  Fig,  246,  Plata  XVI.  The 
cone  has  three  steps,  and  this  in  conjunction 
with  two  pairs  of  change  gears  gives  slx  speeds 
to  the  spindle,  which  is  revolved  by  worm  and 
worm  wheel,  pix>vided  with  an  oU  bath.  Two 
sets  of  neck  rests  ai^  shown,  each  with  piano 
tool-i'eat,  tool -holders,  setting-up  screw^^  and 
carrier  bars  for  supporting  the  top  roll  when 
turning  the  bottom  one  ki  match.     The  lathe 


PLATE    XVT. 


Fig.  2,%^.— R*>€K  Dktil  .>n  Column,  Fig,  -im-KocK  Drill  on  Tkipqd. 

(Tho  Hardy  Ptttant  Pick  Oi.,  Ltd ) 


{Tlif  Sand vei oft  t'lmiidry  tX,  Ltd,) 


Fig.  'i4lt  —  Ufct.i'4Hilv> 


Fig.  t24o .  —  B ki.T'Dri VEN'  R oix  T r rm  n < ;   L  \  1 1 1 1 
(ThoB.  Perry  A  StitiiJ,  Ltd.) 
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is  particalarly  suitable  for  turning  grooved 
rolls,  though  plain  ones  can,  of  course,  be 
turned  as  well. 

An  electrically-driven  lathe,  of  26-in.  centres, 
is  shown  in  back  view.  Fig.  247,  Plate  XVI. 
The  motor  is  of  variable  speed,  3  to  1,  and 
<brives  through  raw-hide  pinion  and  steel  gear- 


rolls  are  turned  to  templets  of  the  sectional 
shape  required,  and  the  tools  are  shaped  to 
match  the  templets. 

Roofs. — The  timber  framed  roof  has  been 
largely  displaced  by  the  roof  of  similar  design 
in  iron  and  steel,  built  of  bars  and  angle  sec- 
tions, combining  adequate  strength  with  light- 


^<^ 


Fig.  249.— Roofs. 


ing  to  the  spindle.  There  are  two  pairs  of 
change  wheels,  which  are  thrown  in  or  out  of 
gear  by  means  of  the  handle  seen  just  in  front 
of  the  large  spur  gear. 

Chilled  rolls  are  turned  with  a  tool,  a,  Fig. 
248,  having  squared  edges  with  concave  faces, 
so  that  the  action  is  that  of  scraping.  The 
tool  does  not  traverse,  but  is  simply  fed  in  by 
driving  wedges,  b,  behind  it,  after  which  it  is 
moved  along  to  a  section  adjacent.     Grooved 


ness  of  structure,  and  little  obstructior^of  day- 
light, or  harbourage  of  dust. 

The  first  principle  embodied  in  a  trussed 
roof  is  that  it  is  self-contained,  that  is,  it  is 
independent  of  any  outside  support,  so  that  it 
exercises  no  outward  thrust  on  the  supporting 
walls  or  columns.  The  methods  of  calculation 
for  different  types  of  roof  may  be  studied  in 
works  devoted  to  the  subjects  of  stresses  in 
framed   structures.     The  simple  and  essential 
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elements  are  the  inclined  raftei-s,  Fig,  249,  a, 
the  outwaixi  spread  of  which  is  pi*© vented  by  the 
fitting  of  the  tie  beam,  b,  whicJi  forms  tlie  base  of 
the  triangle^  and  which  in  its  turn  is  supported 
at  the  centre  by  the  king-poat,  c,  eonnecting  the 
tie-beam  to  the  apex  of  the  raftei's.  It  is  imports 
ant  to  note  that  tlie  load  of  the  I'oof  is  taken  by 
the  inclined  rafterSj  which  are  therefore  both  in 
compresjiion.  This  ^ill  be  compounded  of  a  do^vn- 
ward  thrust, — compressive, — which  is  taken  by 
the  wall,  and  a  horizontal  thmst  which  is  tjiken 
by  the  tie-beam, — tens^Ue, — equal  to  the  thnis^t 
on  one  side  of  the  truss.  The  king- post  m  in 
tension,  but  it  only  has  to  support  the  sag  of 
the  tie-beam  or  tie- rod,  and  nothing  due  to  the 
roi>f    rafters.     As    spans    increase    in    wi*lth. 


Fig.  2.y>,  — Rtxif^, 

diagonal.  stflitB  are  6tted,  u,  extending  from  the 
base  of  the  king-post  to  the  rafters,  and  afford- 
ing support  to  the  latter  somewhere  between 
their  apex  and  their  point  (jf  attachment  to  the 
tie- beam*  Tliese  mil  receive  eompi'cssive  thrusts 
from  the  rafters.  With  larger  spans,  these 
trussinLf  members  are  increased  in  two  w^ays* 
In  one  the  tie-beam  is  supportetl  by  several 
verticals,  and  from  the  foot  of  each,  struts 
arf?  placed  tf^  the  rafters,  e,  In  another,  the 
trussing  will  take  the  elementary  form  of  f 
in  a  small  spun,  multiplied  in  a  larger  one  as  in 
G,  e.  Another  type  of  roof  is  the  queen-post ^ 
in  which  two  posts  reach  from  the  tie-beiim  t<j 
the  rafters  and  are  eonnected  to  a  sti^aining 
beani  aljove»  .i,  K,  Diagonal  strutjs  abut  between 
the  btises  of  the  queen-posts  and  the  rafters,  and 
often  from  the  middle  of  the  straining  beam  t^i 
the  rafte!*s,  J. 

In  nnifs  of  large  span  it  is  n^nial  to  ram  lie  r 
the  tie-beams  in  ortler  to  lessen  the  lengths  of 
the  struts.  This  should  be  done  in  moderation 
oidy,  as  the  stresses  on  the  rafters  are  incrcjised 
hy  cambering. 

The  principals  are  the  skeletons  of  the  root 
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They  have  to  sustain  the  purlins,  or  bar^  which 
are  laid  along  and  connect  the  principaK  iiad 
these  again  supjiort  tlie  common  lifters  on 
which  the  actual  coverings  of  slates  or  lilr* 
are  laid. 

The  loads  on  roofs  are  mostly  of  a  diwi  rir 
static  character,  due  t^i  the  weight  of  the  entire* 
principals  and  their  covenngs,  to  winch  in 
added  about  0  lb.  per  square  foot  for  ttiiow. 
Wind  pressure  has  to  be  allowed  for  at  «  ralr 
of  from  30  t<*  50  lb.  per  square  foot  in  tltS-reiit 
situations.  The  pressure  is  estinjated  as  coiiiiiig 
on  one  side  of  the  roof.  The  tK^tual  prcssuir 
on  an  inclined  roof  will  be  much  less  tljaa  t 
vertical  pressure  allowed  for,  and  will  ^-aiy 
with  the  angle  of  roof. 

The  arched  form  of  r^xif  is  a  favourite 
design  for  large  spans.  The  riba  in*/ 
be  built  up  of  joist  section,  or  Tnor? 
com rii only  of  open  lattice  b racing.  TlM*it 
is  much  similarit}'  between  bridge  umi  ri>rit 
design,  an  arched  itK)f  being  similar  t<i  in 
ui'ched  bridge,  hut  with  a  much  greater  rise. 
And  like  bridges,  roofs  may  have  riijiH, 
or  hinged  principals.  Jji  the  lattt^r  tmer 
they  have  three  articulations,  one  at  the  tienfcre* 
and  one  over  each  pier*  The  latter  may  \^  ^ 
the  ground  level,  the  two  portions  at  which  tfat) 
principals  are  divided  extending  from  th*^  ct^atrp 
to  the  gixinnd.  The  calculation  of  straiiu*  v^itb 
an  arch  fi*ee  to  pivot  is  much  simpler  tlian  with 
a  rigid  arch.  Ro€>fs  covering  w  iiie  Hfiaces  «udi 
as  railway  stations  are  generally  either  of  the 
arched  form,  or  a  repetition  of  spans  of  ujixicr 
ate  width,  supported  on  ginlers  canned  on 
columns.  Tliene  do  not  difler  in  any  cssrtitial 
from  the  single  roof  spans,  employed  for  sho(« 
and  warehouses. 

Rf>of  principals  are  built  of  timber,  iron,  and 
steel.  In  tinilx*r  work  very  wide  mmrginiL  %a 
safety  are  allowed,  partly  l^eauge  of  the  tin* 
perfections  in  the  timber,  mid  the  liability  to 
decay,  and  partly  \a\  compensate  for  ilii*  wr^en 
ing  effects  of  noti'hing  and  mortii-'in«'. 
of  cast  iron  ai*e  emjkluyt'il  to  hm^im 
to  tak e  1 1 1  c  pull  of  1 1 e  I »* > * 
by  means  iif  dtmn  ^ 
iron  and  steel, 
sively  for  * 
titms  h 


^■b 


PRACTICAL    ENGINEERING, 


Rop 


into  disuse,  except  sometimes  for  roofs 
U  span.  The  angle  sections  are  now 
3d  almost  exclusively  for  members  in 
ision,  and  flat  plates  for  the  attachments 
wis.  The  simplicity  of  these  fittings 
3  way  in  which  they  lend  themselves  to 
ve  work  renders  them  cheap,  light,  and 
>  means  of  construction. 

250  and  251  show  typical  roofs,  for 
ops.  The  latter  figure  is  from  one  of  the 
ondries  of  the  Lancashire  and  Yorkshire 

7- 

t*s  Blower— iScc  Blower. 

e  Driving^. — This  is  a  rival  to  belt  driv- 
long  distance  transmission.  It  is  a  veiy 
dee,  having  been  introduced  by  Mr 
Combe  of  Belfast  in  1856,  a  rope  of 
having  been  used.  About  1 863,  manilla 
ere  substituted  with  success.    Flexibility 

essential  in  a  rope  drive,  because  if  a 

too  rigid,  or  is  run  over  small  pulleys 
nvolves  stiff  and  hard  working,  the  fibres 
)r  one  another,  breaking  up  the  structure, 
lucing  the  fibres  to  a  powdery  condition, 
inish  this  is  the  reason  why  some  manu- 
rs     lubricate    their    ropes    during    the 

of  spinning.  A  mixture  of  plumbago 
How  is  used  by  the  C.  W.  Hunt  Co. 
3ments  of  the  most  importance  in  rope 

are  the  diameters  of  the  pulleys  used, 
e  sectional  form  of  the  grooves.  Here 
ifferences  exist  in  practice.  With  regard 
leter,  the  late  Mr  James  Combe  adopted 
lowing   as  .the    minimum    diameter   of 

for  various  sizes  of  ropes : — 
liam.  rope,  3  ft.  diam.  pulley  ;  ratio  1  to  28 '8 
n         »t         **  ♦»  »»  1  »»  •»2'0 

»>         »»        **  »»  M  1  ))  34*3 

M         }}        6  „  „  1  ,,  36*0 

ffl  where  large  pulleys  are  inadmissible, 
le  alternative  is  to  use  smaller  ropes  on 
pulleys,  but  increase  the  number  of 
jiving  a  multiple  form  of  drive. 
'/>eec?  of  Ropes — Horse  Power. — Mr  Combe 
i  a  speed  of  about  3,300  feet  per  minute, 
jeds  up  to  5,000  feet  have  been  frequently 
ed.  There  is  np  advantage  in  such  a 
•eed,  and  it  appears  that  4,000  feet  can- 
exceeded  with  advantage,  for  centrifugal 
ind  the  friction  of  the  atmosphere  become 


counteracting  agencies.     A  table  by  the  C.  W. 
Hunt  Co.  of  New  York  shows  that  the  horse 


power  lessens  as  the  speed  exceeds  about 
feet  per  second. 
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Tablk  of  HoRsii  Power  or  Makh-IiA  Ropbs»     Speed  of  ropes  in  feet  per  minute 


ot  Ho[i«  Is 

1,500 

aCKM) 

2,500 

3,000 

3,500 

4(XII 

4.500 

5,000 

6,000 

7,000 

K,4II0 

211 

* 

1-45 

1-9 

2-3 

27    1 

31> 

3-2 

3-4 

34 

31 

2-2 

(I 

1 

2*3 

3*2 

3  6 

4  2 

4t3 

S<l 

5-3 

5-3 

4*11 

3-4 

0 

24 

1 

3*3 

4*3 

5*2 

5-8 

67 

7-2 

7 '7 

77 

71 

41» 

11 

m 

1 

4-5 

m 

7*0 

8-2 

&^1 

9 '8 

10*8 

10-7 

&*3 

6-0 

0 

m 

1 

5-8 

1^1 

»*2 

107 

11  *f* 

12-8 

13-6 

13-7 

12^5    I 

8-8 

0 

^ 

I 

9-2 

12*1 

i4a 

l*i*s 

18 -fl 

2fJ*a 

21*2 

21*4 

10%1 

13-8 

0 

u    ; 

I 

13*1 

17-4 

2«r7 

2:4' 1 

20^ 

2»-8 

301) 

30*8 

28"i 

19^8 

0 

m\     ! 

11 

18-0 
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28-2 

32^8 

3^4 

30*2 

41  Ti 

418 

37  4 

*27*ti 

0 

T« 

2 

231 

80*8 

ae-s 

^'8 

47ii 

51*2 

54*4 

54 '8 

300 

35-2 

*» 

H4 

Thin  X&ble  aasumes  on  arc  of  contact  of  not  l«ftft  than  170°. 


Mr  OomWs  basis  for  horse  power  wan,  that 

ropes  will  tranimit  for  each  100  revolutions  per 

minute  made  by  the  pulley,  n^  follows  : — 

Rfjpe  1  i  tn.  diAtn.  uti  a  3- ft,  pulley  will  transmit  5  I.  U.  P. 
II  4  R 

*t  ll  tl  1*  ^     t|  «♦  IT  11  1> 

^  fi  IJI 

*»  -*  t|  II  "     »l  »♦  »*  '**  •• 

In  ropes  working  under  the  most  favourable 
oonflitionfi,  I'unning  horizontally  at  s^ood  apeedfl, 
with  the  bottom  rope  acting  as  driver,  from  20 
to  25  per  cent  may  he  added  to  these  figures. 
But  if  palleyB  are  situated  too  closely,  and  mpes 
run  vertically  they  must  he  lessened  by  frfmi 
20  to  25  per  cent 

With  a  given  velocity  the  weight  of  roi>e 
required  for  transmitting  a  given  horse  powder 
is  the  same  J  irrespective  of  its  size.  Hence  the 
convemence  of  being  able  to  aulistitute  seveml 
smaller  ropes  for  one  or  more  larger  ones. 
Placing  the  pulleys  at  an  aiople  distance  apirt 
is  very  important,  because  a  large  rimount  of 
aag  has  to  he  allowed  i^m  Fig.  !253,  a),  the  only 
limit  to  which  is  the  tendency  to  slip.  A  tight 
rope  will  wear  out  miiL4i  more  mpidly  than  a 
iila^jk  one.  The  amount  of  sag  i^  biken  on  the 
driving  side,  and  should  he  constant  at  all 
spetsds,  but  tliat  on  the  slack  side  will  increase 
as  speed  lessens. 

tStretm  on  Urt^fe^.—The  ultimate  strength  of  a 
n*pe  I  in,  in  diaiuetjer  in  about  7,000  Ih,  Bui 
an  enomiou%  factor  of  ssafety  h  allowerl^  e<iuai 
to  ab<*ut  jjVt^*  *^  ^^^  '-'^  ^^^^  breaking  strength. 
The  problejii  ia  rather  of  a  <lynanii«^  than  a 
static  eharftcter,  and  overtraining  uiitl  cImEng 
wear  out  a  rofie  with  c»xtreme  rapiclity.  Among 
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the  things  wlneh  militate  against  the  long  li&f 
of  ropes  are  loosening  and  untwisting  and  fric- 
tion of  the  strands,  chafing  and  friction  in  pulkj 
grooves,  friction  of  adjacent  nif>es  having  tiio 
much  sag,  and  pulleys  too  small  for  the  §ijce  li 
rope«, 

SpiietJi^, — The  strength  of  the  rojjc  i*  my 
greater  than  that  of  it«  »pHc**,  But  tlte  larg^ 
margin  allowed  still  leaver  from  .,V^^*  ^  a'l*^* 
margin  over  the  strength  of  the  splice.  A  loa*^ 
splice  is  essential.  The  C,  W.  Hunt  Ok 
give  the  following  as  the  pi-ufior  l«igtb  \d 
splice  for  ropes  oi  different  sizes  : — ^ 


Diametnot 

LflDfftfa  to  ftll^w 

Dl«n«ter  of 

LMiflU  Kk 

Rcvpe. 

for  Spllcjisf. 

Bojw. 

imWsm 

I(U 

Ft 

ItL 

n. 

f 

9 

L 

16 

10 

l] 

IS 

1 

12 

2 

90 

11 

14 

AppHcafioii^  of  Rnpn  Drttt'/wj. —There  air  two 
main  systems  of  rt>pe  driving  adopted,  With  *>! 
ivhich  originated  in  Belfast ;  one  Ls  tenned  tW 
mu/tiple  system,  the  other  thfr  tenMum  i^yHtem. 

Tkif  Afttftipie  StfH(rm. — In  thiii  a  numli^r  *4 
separate  and  indcf)cndent  ropes  are  iiaecl*  nitming 
side   by  sidcr    in    a    series    nf    grocHrom 
commoneHt   example   *)f   tins  kind   i       '        '>p<" 
flywheel    drivr    fi*om    large    mill  fn 

pt^lh*ys  on  shafts,  driving  mAchinn^ 
(hn.rn,   Fig.   -JSl      Tl       *    * 
England,   and    h 

\Mlt*t»    Wnll    d 

.%fO(K>th  and 
A  Ur^  m 
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transmit  power,  and  the  chafing  and  wear  be 
reduced  to  the  minimum  possible.     The  slight 


Fig.  25±— Multipltf  Rope  Ihiving, 


ctisadvantage  is  that  the  tension  in  the  different 
xopes  is  apt  to  varj',  due  to  unequal  stretching. 
Sat  should  this,  or  a  fracture  occur,  the  engine 
seed  not  be  thrown  out  of  action  long,  because 


system,  with  the  advantage  that  the  tension  is 
equal  throughout.  A  single  rope  passes  round 
the  successive  grooves  of  dri\'ing  and  driven 
pulleys.  To  brinij;  the  rope  back  from  the  last 
groove  of  one  pulley  to  the  first  groove  of  the 
other,  ft  single  grooved  loose  pulley  is  mounted 
on  each  shaft.      In  another  design  a   tension 

. pulley  is  mounted  away 

from  either   shaft,  and 

the  rope,  after  passing 
successively  through  the 
grooves  of  driving  and 
driven  pulleys,  goes  over 
the  tension  pulley,  which 
conducts  the  rope  from 
the  last  groove  of  one 
pulley  into  the  first 
groove  of  the  other 
pulley.  These  methods 
were  adopted  in  the  first  place  in  cases  where 
the  centres  of  shafts  were  situated  too  close 
together  to  permit  of  effective  rope  driWng. 
But  they  have  been  extended  to  long  drives 


Fig.  253.— Single  Tension  Rope  Driving. 


a   spare    rope    can    be    substituted    in   a   few 
minutes. 

The  Tension  System. — In  this  a  single  endless 
rope  is  used,  hence  termed  also  the  single  rope 


with  advantage.  The  location  of  the  tension 
pulley  is  not  arbitrary.  The  best  is  that  in 
which  a  single  pulley  is  used  with  one  bending 
only  of  the  rope,  and  which  takes  place  in  the 
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same  direction  as  that  qver  the  main  pulleys. 
Then  the  thing  to  be  avoided  is  a  small  pulley 
which  would  distress  the  rope.  The  less  favour- 
able condition  is  that  in  which  the  direction  of 
bending  of  the  rope  is  reversed.  Numerous 
and  varied  are  the  arrangements  which  have 
been  devised  under  this  system  in  mill  driving. 
There  is  a  limit  to  the  amount  of  rope  that  a 
single  tension  pulley  can  take  up.  The  maximum 
length  should  not  exceed  3,500  ft.,  nor  the 
number  of  grooves  exceed  ten.  Hence  more 
than  one  tension  pulley  has  to  be  used  in  some 
cases.  There  are  various  methods  of  mounting 
them. 

In  Fig.  253  various  rope  drives  on  the  single 
tension  system  are  illustrated,  b  is  a  simple 
example.  The  tension  pulley  a  keeps  the  rope 
suflficiently  taut  by  the  load  of  the  suspended 
weight  6.  In  c  the  tension  pulley  a  is  pulled 
down  by  a  suspended  weight  6,  but  the  rope  is 
bent  over  two  guide  pulleys  c,  c,  and  as  the 
direction  of  bending  is  the  reverse  to  that  over 
the  main  pulleys,  the  fibres  of  the  rope  are 
strained  more  than  when  the  bending  is  in  one 
direction  only.  D  is  a  vertical  drive  for  an 
elevator;  a,  14  ft.  diameter,  having  eighteen 
grooves,  drives  6,  7  ft.  8  in.  diameter,  130  ft. 
away;  c  is  an  idler  pulley,  d  one  with  two 
tensions,  that  is  two  endless  ropes  are  used. 
The  dotted  outlines  of  c  and  d  indicate  the 
vertical  movement  of  their  travel,  which  is 
necessary  to  compensate  for  the  var3ring  lengths 
of  the  rope,  due  to  stretch.  The  rope  is  1 J  in., 
and  transmits  900  HP.  Another  elevator  drive 
is  shown  at  e.  a,  14  ft.  diameter,  driving  6, 
9  ft.  6  in.  diameter,  134  ft.  away,  with  seven 
grooves  each ;  c  is  an  idler  6  ft.  diameter,  also 
with  seven  grooves,  and  d  is  an  idler  pulley 
6  ft.  diameter  with  one  groove,  leading  to  the 
tension  pulley  e  with  a  vertical  range  of  20  ft. 
The  rope  is  1^  in.,  transmitting  260  HP.  f  is 
another  elevator  drive,  with  li-in.  rope,  of  350 
HP.,  similar  to  the  last,  but  arranged  differently, 
a  is  a  nine-grooved  pulley,  6  ft.  diameter,  driv- 
ing 6,  9  ft.  6  in.  diameter,  122  ft.  away ;  c  is  a 
nine-grooved  idler,  4  ft.  6  in.  diameter,  and  d 
is  a  single-grooved  idler  leading  to  the  tension 
pulley  e,  both  4  ft.  6  in.  in  diameter,  w4th  a 
vertical  travel  of  25  ft.     g  is  a  vertical  drive 


from  a  four-grooved  pulley  a  to  6 ;  c  is  the  four- 
grooved  idler,  and  d  the  single-grooved  idler,  e 
the  tension  pulley,  with  18  ft.  range  of  vertical 
travel,  h  is  a  main  drive  in  the  horizontal  style 
of  transmission,  the  pulleys  a  and  6,  20  ft.  and 
1 2  ft.  diameter  respectively  having  each  thirty- 
six  grooves  ;  c  is  a  tension  pulley,  having  three 
tensions,  d  the  idler,  having  one  groove.  The 
rope  is  a  2-in.  one.  J  is  a  diagonal  drive  from 
a  twelve-grooved  pulley  o  to  6  with  1  J-in.  rope. 
c  is  an  idler  with  thirteen  grooves,  one  of  w-hich 
is  loose,  driving  to  the  single  tension  pulley  d, 
•with  15  ft.  of  vertical  travel,  k  is  another 
diagonal  drive  with  1  J-in.  rope  between  pulleys 
a  and  h  with  eleven  grooves ;  c  has  one  loose, 
to  drive  to  the  tension  pulley  d.  These  ex- 
amples are  from  the  practice  of  the  Webster 
Manufacturing  Co. 

The  tension  sheave  is  an  important  element 
in  the  single  rope  system.  It  takes  up  the 
slack,  to  permit  of  which  it  has  its  bearings  In., 
a  carriage  which  is  free  to  move  under  the  ] 
of  the  weight.  The  endless  rope  is  carried 
the  first  groove  of  the  first  sheave,  thence  over 
the  first  groove  of  the  second  sheave,  back  over 
the  second  groove  of  the  first  sheave,  then  to-  the 
second  groove  of  the  second  sheave,  and  so  on 
until  it  has  been  passed  over  the  last  groove 
of  the  first  sheave,  whence  it  is  carried  round 
the  tension  sheave. 

The  tension  pulley  should  be  so  placed  that  it 
shall  take  the  slack  of  the  rope  from  the  driv- 
ing rather  than  from  the  driven  sheave.  The 
idler  must  lie  against  the  slack  side  of  the  rope. 
An  extra  groove  is  always  required  to  lead  the 
rope  back  to  the  tension  sheave.  This  extra 
groove  can  be  interposed  as  an  idler  sheave,  or 
it  may  be  located  in  tlie  driver,  or  driven  sheave 
as  most  convenient.  If  the  extra  groove  is  on 
the  driving  sheave,  as  when  the  tension  is  taken 
therefrom,  it  is  fast,  being  part  of  the  sheave. 
If,  however,  the  extra  groove  is  on  the  driven 
sheave,  the  tension  being  taken  from  there,  it 
must  be  loose,  so  allowing  the  tension  to  take 
up  the  slack  of  the  rope  direct  from  the  driving 
sheave.  If  the  tension  is  taken  from  an  idler 
sheave,  which  is  the  best  practice,  the  driver 
and  driven  sheave  have  both  the  same  number 
of  L'rooves. 
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have  concluded  that  it  would  be  more  advantageous 

Id  two  volumes  of  this  Encyclopsedia  in  one  volume* 
|is«  volumes  One  and  Two,  Three  and  Four,  Five 
fix.  Seven  and  Eight,  and  Nine  and  Ten,  are  each 
I4l  together  ;  thus  publishing  the  work  in  five  bound 
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Rope  Pulleys* — These  are  of  sections  which 
catmre  a  firm  grip  at  the  I'ope,  without  procluc- 
ing  such  eJccesaive  friction  as  woiil*l  rlamage 
the  fibres  Tliere  h  a  difference  made  wherj 
the  pulley  has  Httle  power  Uj  tmiisniit,  ami 
that  chiefly  static,  or  when  it  Is  dynamic.  In 
the  first  ci^e  the  I'ope  may  bed  in  the  bottom 
*jf  the  groove,  in  the  second  it  does  not  reach 
the  bottcjm,  hut  l>ears  on  the  aides.  To  increase 
the  gnp  in  the  first  design,  the  wheel  is  fre- 
tjuently  w'«'W,  that  is  the  grrjove  does  not  run 
in  one  plane,  but  gtjea  to  right  and  left  of  the 
middle  plane,  with  a  leather  long  f^weep,  say  of 
6  in*,  or  H  in,  8ucb  wheel*i  are  u^se^^  on  the 
Qverheail  traveller?*  which  are  operated  by  a 
dependent  rope  from  below.  In  pulloys  for 
power  trans mii^sion  at  higli  spee<ls,  the  aides 
l^'enerally  slope  at  an  angle  of  about  45"  to- 
wards each  other.  Other  details  are  of  les44er 
ruotnentf  but  some  standard  forms  are  shown. 

Fig.  1  illustrates  various  gr^xives.  A  i-ep re- 
gents a  very  deep  groove  suitable  for  croaked 
rope^,  that  m  driving  when  a  single  rope  pttsscji 
over  mtiltiple-giTioved  pulleys,  Tlie  pitch  is 
wider  than  that  for  parallel  single  rope  driven, 
and  the  grooves  am  deeper,  u  is  a  grooving  for 
lialf-emsged  driving,  or  when  the  ajte«  of  the 
pulleys  stand  at  90^  in  relation  to  each  other. 
Here  the  grooves  are  shallow^  to  alhjw  the  n>pes 
to  entej"  ajid  l^ivc  without  rubbing  too  much 
Against  the  sides,  c  ia  the  deep  groove  as  made 
by  the  C^  W.  Hunt  Co.  It  differs  fniiii  others 
to  h&vtQg  a  flat  bottom,  and  from  some  in  having 
^tfmight  sides.     The  object  is  to  design  a  gniove 


which  will  have  the  same  coellicieiit  of  friction 
when  the  rope  is  worn  as  when  it  is  new,  and 
one  that  can  be  tooled  withowt  ditticulty.  D  is 
the  same  groove,  with  a  medium  t>ne  adjacent, 
with  lettering  for  the  formula  nsed,  thus  :— 

d  =  diameter  of  the  n>pe, 
ft^d-  I  in. 
//  =  0-5  d. 

^  =  d  +  J  in* 
/-i-375d+0in. 

A  shallow  groove  is  also  made  in  which  the 
i*ope  stands  slightly  above  the  edge^  of  the  rim, 
B  repi'esents  a  groove  introduced  by  Messns 
Combe  *fc  BarUiur  for  driving  shafts  which  are 
not  parallel^  and  when  the  angle  of  the  tihafts 
exceeds  3".  f  represents  a  very  common 
form  of  groove.  This,  and  c  as  shown,  or  with 
a  raiJius  at  the  bottom,  are  usual  designs, 
adopted  with  only  a  difference  of  2^  in  the 
angle  of  the  sides.  The  sections  are  reproduced 
to  correct  scales.  Fm*  suitable  diameters,  «€€ 
Rope  Driving. 

One  tif  the  great  advantages  of  mpe  driving 
is  that  it  lends  itself  readily  to  driving  between 
shafts  that  are  not  parallel,  and  shafts  at 
various  angles,  and  for  crossed  i^pe  drive-s, 
More  can  be  done  in  thia  way  than  with  leather 
belts, 

Ropes« — These  are  made  of  fia^,  hempf  or 
man  ill  a  fibre,  or  of  cotton,  sisal,  or  wii-e.     Se^ 

Cotton  Ropes,  Wire  Ropes* 

A  rope  is  formed  of  threads  or  yams  twisted 
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in  one  direction.  These  are  made  up  into 
strands  twisted  in  the  opposite  direction,  and 
the  strands  into  ropes,  the  twist  again  being 
reversed,  the  object  being  to  neutralise  the 
tendency  to  untwisting  consequent  on  stretch. 
Ropes  have  either  three  or  four  strands :  the 
latter  must  have  a   central    core,   which   the 


reaches  a  stage  at  which  its  length  remains 
permanent.  Hence  the  reason  why  a  new  rope 
has  t-o  be  re-spliced  two  or  three  successive  times 
before  its  stretch  is  taken  out.  The  sizes  of 
ropes  are  given  as  their  girth  or  circumference, 
and  their  weight  in  pounds  per  fathom. 

Manilla, — ^This  derives  its  name  from  Manilla, 


three-strand  rope  does  not  require.     Experience     \n  the  Philippine  Islands,  and   comes   from 


B 


€  f' 


'"-■■y- 


F 

Fig.  1. — Rope  Pulley  Grooves. 


has  proved  that  a  three-strand  rope  is  much 
more  dm'able  than  one  with  four  strands.  The 
reason  doubtless  lies  in  its  greater  flexibility. 
A  central  core  does  not  conduce  to  flexibility, 
and  this  quality  is  of  the  highest  importance. 
t^ee  Rope  Driving.  Ropes  being  formed  by 
twisting  the  fibres,  explains  why  a  new  rope 
stretches  to  a  considerable  amount  before  it 
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species  of  plantain,  the  MxLsa  textiliit,  one  of  the 
Banana  family.  The  st^m  of  the  Abaca  attains 
a  height  of  15  to  20  ft.,  and  it  has  a  very  smooth 
surface.  The  fibre  derived  therefrem  is  white, 
and  of  a  silky  appearance,  and  ver}'  light. 
The  fibres  are  made  up  of  elongated  bast-cells, 
about  a  quarter  of  an  inch  long,  and  of  irregular 
form.     Although  the  fibre  is  reugh  to  the  toucli. 
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it  maj  be  pointed  out  that  tlm  is  not  flue  to  the 
imbst&nce  in  itself ,  but  solely  on  account  of  tht* 
treatoent  to  which  it  has  l^een  subject,  such  \\s 
tearmg  or  pulling  apart  of  the  cells,  Tlxe  fibre^i 
are  very  strong  longitudinally,  but  not  trans- 
vt^r^iely. 

The  uianiLla  plant  is  cut  when  it  is  from  two 
to  four  yea.ra  of  age,  just  piTvious  to  its  flower- 
ing. The  envelijpe  is  stripped  off,  and  the  coats 
are  left  t<>  diy,  being  then  split  longitudinally 
into  narrow  strips.  Scraping  is  then  done 
until  nothing  but  Hbi*es  remains.  The  bundles 
are  then  bi  a  state  to  be  shaken  into  sepai-ata 
threads ;  they  may  or  may  not  be  then  washed j 
and  dried,  following  which  they  ai^  picketl»  to 
^Bfmrate  the  better  qufilitiej.  The  stuff  is  then 
packed  in  balea  ready  for  export. 

In  the  rope  work.*j  the  bundles  are  opened, 
the  stuff  shaken  apart,  and  sprinkled  \\ith  oil 
to  fa4dHtate  its  subsequent  treatment.  The 
operation  of  scuichhig  is  then  carried  out,  the 
stuff  being  passed  over  cylindei's  covei^  with 
steel  pn>ngs,  which  i^emove  the  dirt  and  ixid 
bits,  at  the  same  time  straightening  the  fibres. 
Machines  called  breakers  then  take  the  fibre  in 
hand,  and  pass  it  over  two  endless  chains  pro- 
vifletl  with  upstanding  pins ;  the  second  chain 
runs  quicker  than  the  first,  so  that  the  fibres 
are  drawn  or  combed  out  into  a  ribbon  or  elii'tr. 
Other  macliines  termed  apreddf^s  and  dratcing 
fratti€H  further  treat  the  fibre,  rh-awing  it  again 
and  again,  until  finally  a  Jinisher  leaves  the 
material  in  the  form  of  Si>ft  riblxius  ready  for 
spinning. 

Jennie  or  spinning  fnime^  spin  the  sliver 
into  yams  on  to  bobbins,  which  ai'e  then  taken 
to  the  forming  and  lay  big  machines  that  twist 
the  yams  into  strands,  and  the  latter  into  ri)pea. 
But  large  ropes  are  made  up  in  the  rope  walk, 
n  long  shed,  at  one  end  of  which  the  bobbins 
carrying  the  yam  are  placed,  the  yams  being 
parsed  through  holes  in  a  jhe^plair,  and  then 
through  tubes,  to  the  hook  of  a  forming  machine, 
ru  nn  ing  on  rails  along  the  shed .  The  mec  han  i  sm 
on  the  machine  imparts  a  twisting  motion,  so 
forming  the  y^i'ns  into  ^itrands.  Tlie?^  have 
now  to  be  laid  intu  rope,  and  two  Itit/uiy 
rtmehiftt^^  aixi  employed,  at  opposit^^  ends  of  the 
track*  One  machine  haij  but  a  single  hook, 
tuniing  in  one  direction,  all  the  strands  being 


attached  to  this  hook,  while  the  other  niacliine 
has  a  book  for  each  stnmd,  turning  in  the 
opposite  dimetion*  The  strands  are  insetted  in 
grooves  in  a  conical  wo«xlen  lop,  wluch  travels 
along  as  the  laying  proceeds,  and  iaih^  or  short 
pieces  of  rope  help  to  lay  the  strands  regularly, 

Tn  the  old  rope  tvaik^^  before  machinery  was 
iutrotlueed,  the  ropes  wei^  laid  by  a  workman, 
who  caiTied  a  large  btnitlle  of  fibres  arouncl  his 
loins,  the  ends  of  which  were  attached  to  a 
wlieel  turned  by  a  second  man,  as  the  spinner 
walked  backwanls  down  the  shed,  paying  out 
the  fib  TO,  Wlien  sufficient  yarns  were  ready 
they  were  twisted  into  i-ope, 

Letithcr  Itape^. — Attempts  have  been  made 
to  utilise  n^pes  of  leathei',  but  with  little  success, 
the  ends  of  the  strands  becoming  frayed  out. 
The  vee^shaped  rope  with  sections  riveted  across 
a  continuous  l>eit  is  iise<l  for  expanding  pulleys- 
The  so-called  chain  rope  m  useful,  but  it  is 
really  a  form  of  link  belt 

Eopeit  versus  Bdts, — From  the  experiments 
at  Lille  conducted  by  a  commission  of  eicperta  * 
it  was  ascertained  that  the  power  estpended  in 
different  kinds  i>f  transmission  was  a^  follows, 
sliowing  that  ropes  and  belts  absorb  about  the 
same  amount  of  power : — 

Oron  powor. 
Ropes  -     15B\i4  LH,P»  with  slip  of  0" 33  p^ir  cent. 

Cotton  belt      150'ti7      „  „         ,,        078 

Leather  lielt    l.^'8-t      „  „        ,,       Q-M       „ 

Leather  lx4t     \&i^23      ,,  „         „        0'?S        ,, 

Rose  Bit  — .S^^?  Bit* 

Rose  End,  ur  Rose  Jet.— The  perfomted 

strainer  i.ir  iio^/.le  at  the  end  of  a  hose  pipe. 

Rose  Reamer-— ^Set^  Reamers* 

Rosin.— ^S^^r^  Resin. 

Rotary  Blower— .9^^^  Blower 

Rotary    Eng"ine*— An  engine  in  whieh   a 

piston   or  pistons   ix>tate    within    a    cylinder, 

Scores  of  forms  have  been  designed  and  patented, 

and  failed.     In  many  the  central   boss  which 

ejirries  the  rotating  piBton  or  pistons  is  located 

eenti'ally  in    the   cylinder,  in   which   case   the 

piston  is  ri^id<     Tn  many  others  it  Ib  situated 

eccentriwdlvt  and  then  the  piston  slides  radially 

in  a  gi'otjve  in  the  iKxly.     A  few  rotary  engines 

have  achieved  a  fair  measui^e  of  success,  and  on 

the  face  of  it  thei"e  seems  reason  to  suppose  that 

the  rotary  design  should  be  preferable  to  the 
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reciprocating,  since  there  is  no  inertia  to  be 
overcome  at  reversal,  no  dead  centres,  and  no 
complicated  valve  gearing.  But  the  objections 
to  the  rotary  engine  are  great.  There  is  the 
difficulty  of  making  steam-tight  packings.  The 
steam  is  used  wastefully,  having  to  fill  the 
steam  space  at  each  revolution  without  expansive 
working.  The  only  way  to  economise  is  to 
design  engines  in  series. 

Rotary  Machine  Tools. —A  large  group 
which  is  represented  chiefly  by  the  lathes,  milling 
machines,  drills,  boring  machines,  grinders,  and 


each  machine  type  has  a  field  all  its  own  with- 
out rivalry.  The  specific  functions  of  the  mem- 
bers of  these  groups  will  be  found  treated  under 
numerous  heads. 

Rotary  Planing,  or  Face  Milling.— 
Refers  to  the  use  of  inserted-tooth  face  milling 
cutters  for  producing  plane  faces.  Their  employ- 
ment has  grown  very  much,  but  the  original 
forms  have  been  long  in  use.  They  show  to  most 
advantage,  not  in  fine  finishing,  but  in  heavy 
roughing  down.  They  are  used  for  facing  the 
feet  of  castings  for  bolting  to  other  surfaces,  for 


Fig.  2.— Face  Milling  Cutter. 


sub-tj^s  and  special  designs  of  each.  The 
common  feature  is  that  the  work  or  the  tool 
rotates,  or  both,  so  producing  surfaces  which 
are  either  circular,  or  plane,  parallel,  tapered,  or 
profiled.  The  three  divisions  into  lathes,  milling 
machines,  and  grinders  correspond  with  the  use 
of  three  distinct  types  of  tools — the  single-edged, 
the  multiple-edged,  and  the  grinding  wheel. 
Much  rivalry  exists  between  these  in  those 
operations  which  can  be  performed  with  equal 
facility  on  either  group  of  machines,  though  not 
often  with  equal  accuracy  and  economy.  But  not- 
withstanding different  views  regarding  results, 
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facing  the  ends  of  girders,  and  for  removing 
material  in  quantity  preparatory  to  the  finer 
finishing  by  grinding  or  planing.  Such  cutters 
have  their  limitations,  .because  they  are  only 
suitable  for  facing  on  plane  areas. 

In  their  simplest  form,  the  face  cutters  are 
tool  points,  held  simply  with  set-screws  in  holes 
in  the  cutter  head,  and  generally  set  at  an 
angle,  which  gives  a  suitable  front  rake  to  the 
tool  points.  But  in  the  best  designs  provision 
is  made  for  fine  adjustments  of  the  cutters 
in  the  heads  by  means  of  screws,  as  in  Fig. 
2.     In   many   cases   the   edge   of   the   disc   is 
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angle,  and  flat  steel  totils*  insei'ted, 
aretl  by  cylindrical  wedges  driven  in 
Si  between  tlie  slots.  In  a  few  cases  the 
ers  are  cast  in  their  head,  and  are  satis- 
ftiy  in  workings  hut  no  adjustments  or 
twain  can  be  made- 

ig,  "1  illustrates  a  large  faee  milling  cutter  by 
jHaft,  Ltd,  The  body  meitsures  2  ft,  9^  in. 
Rameter.     It  is  J^tiffenetl  with  six  ribs  a : 

bolts  B  secure  it  tu  the  machine  spindle. 
[ivei-come  the  tarsion  dne  to  he»%y  work, 
pinion  c,  and  ring  of  teetli  D  ai-e  provided 
fotating  the  head.     The  ring  is  secui^d  to 

plate   by   the   cheese-head   bolts   E.     The 


cutter  block  is  made  for  use  on  a  horizontal 
milling  machine. 

Fig*  3  illustrates  a  cutter  10^  in.  diameter^ 
by  a  German  firm,  the  Maiichinen*FaV>rik  LorenK. 
The  iKKiy  a  is  grooved  to  receive  eight  cutters 
B,  which  have  a  segmental  thread  cut  on  their 
inner  edges  for  fine  adjustment — eifectecl  hvthe 
tapered  operating  screws  c,  recessed  in  the  neck 
to  I'eceive  the  tommy  n,  Tlie  cutters  are 
pinched  securely  in  their  grcKivcs  by  a  ring,  K, 
threaded  to  fit  the  body,  and  havitig  an  internal 
portion  tapered  to  draw  over  the  cutters  by  the 
turning  of  the  ring  with  the  tommy  f. 

The  machines  in  which  these  heads  are  used 


a      VJ 


Fig.  3^  —Face  Milling  Cutter. 


ers  F,  o  are  for  roughing,  and  finishing 
eetively,  and  are  inserted  in  slots  in  the 
f  at  an  angle  of  5^  riglit  hand,  and  ai*e 
kill  by  the  set-screws  Ti,  and  adjusted 
GHs  by  the  screws  j.  These  screws  are 
ted  into  a  riiigf  K,  which  is  fitted  and  bolted 
he  body  by  the  screws  L.  The  right-hand 
re,  it  will  be  noted,  shows  tlie  heads  of  Iwth 
of  sci'ews,  being  a  part  fr*>nt,  and  fiart  back 
k^The  adjunting  screws  j  have  square  holes 
■Br  heads  to  receive  the  tommy  w.  They 
have  lock  nuts.  Theiv  are  thirty-two 
tools  F,  I  in,  square  in  crosssection, 
finishing  tools  u,  I^  in.  by  |  in.     This 


have  either  travelling  sadtile^,  <jr  travelling 
tables,  the  work  being  fixed  in  tiie  one  case, 
and  mo^Tiig  in  the  other.  For  ve!^*  Iieavy 
pieces  it  is  more  convenient  U%  let  them  be 
stationary,  and  travel  the  cutter.  The  object 
to  be  tooled  is  then  bolted  to  a  large  plate,  and 
the  cutter  head  saddle  slides  along  a  l»ed  at  tlie 
side.  Fig.  4,  Plate  I.,  shows  a  very  large  cutter 
head,  with  a  disc  1 20  in.  in  diameter,  carrying 
seventy-five  tools.  The  saddle  is  mounted  upon 
a  bed  26  it.  loQg,  affording  a  travel  of  11  ft. 
An  electric  motor  pitivides  the  driving  mcdiinn, 
and  there  are  three  speeds  to  the  disc,  atwl 
three  reversible  feeds  to   the   head.     A    i*apid 
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power  adjustmeiit  is  also  produced  for  setting 
to  dLfif^reut  positions,  ail  the  motions  being 
fontrolled  by  tbe  attendant,  who  stands  on  the 
platform*  This  machine  was  built^  t*;>gether 
with  a  similar  one,  to  be  maun  ted  on  a  floor 
plate,  80  that  both  ends  of  a  piece  of  work  could 
bo  tooled  across  simultaneously* 

A  4 8- ill.  rotary  planer  is  illustrated  in  Fig,  5, 
Plate  T, ;  it  i«  of  special  type,  the  saddle  being 
mounted  on  a  circular  base  on  which  it  may  be 
swiveUed  to  net  the  cutter  hi^ad  at  various 
angles.  The  >iiKldle  has  a  traverse  of  J8  It.,  and 
the  head  can  be  moved  in  or  out  to  the  extent 
of  3  in.  for  setting  the  depth  of  cut.  The  work 
is  clamped  to  the  table  on  the  left-hand  side. 
The  driving  is  effected  by  the  pulleys  to  the 
right,  connected  by  a  shaft  to  the  rotatory  and 
fee^ling  mechanisnis. 

Rotary  Puddling  Furnaces.— The^e,  fii'st 

introduced  in  1853^  have  been  constructed  in 
numerous  designs.  Though  used  to  a  consider- 
able extent  in  the  United  States  and  Germany, 
they  have  not  found  mucli  favour  in  Britain. 
The  principal  furnaces  which  have  been  built  or 
survived,  and  achieved  a  coiiaiderable  measure 
of  ^uccess^  are  the  l>anks,  the  Siemens,  the 
Pemot,  the  Cramp  ton,  and  the  Jones, 

Tki'  Datik$  Fiirimc€, — This  is  little  used  now, 
though  the  pai'ent  of  others.  As  in  most 
rotary  furnaces  the  axis  of  revolution  is  hori- 
EontaL  The  grate  is  fixed,  and  diiFei^  fi^om 
oixhnary  puildling  grates  in  being  supplied  with 
jets  of  air  above  the  surface  of  the  fuel,  and  In 
having  a  closed  ash-pit  into  which  a  blast  of 
air  is  introduced*  The  furnace  rests  oo  live 
rollers  and  is  encircled  by  a  toothed  ring  which 
is  rotated  by  a  pinion.  The  shell  is  made  of 
segments  witli  internal  ribs  running  longitudi- 
nally which  hold  the  fettling.  One  end  of  tlie 
furnace  is  open  to  the  fire-grate,  the  other  to 
a  movable  tiue  which  communicates  with  the 
chimney.  The  flue  is  suspended  in  order  to 
permit  of  turning  it  aside  to  open  the  mouth 
of  the  furnace  for  the  withdrawal  of  the  puddled 
ball.  Tlie  firing  hole  and  the  mouth  of  the  flue 
are  kept  cool  by  means  of  water  jacket's. 

The  rotary  puddling  furnace  at  the  works 
of  Messrs  Schneider  k  Co.  at  Creusot  comprises 
the  three  portions — the  fixed  hearth,  the  rotary 
furnace,  and   the  movable  flue  or   smoke-box. 
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In  these  the  waste  gases  go  from  the  smoke-* 
box  to  heat  a  multitubular  boiler.  Ttie  furnace 
is  divided  by  a  aepamtt>r*  which  tlivides  the 
charge  into  two  equal  pirts,  and  which  is  wat^r 
cooled.  The  furnace  lining  is  comprised  of  a 
double  iron  cjising,  which  is  cooled  by  a  stream 
of  water.  It  is  I'otated  by  a  ste^im  engine 
through  two  toothed  rings  and  pinions,  so  that 
in  the  general  design  this  is  built  after  the 
Danks  model.  It  is  found  that,  using  the  same 
ores,  the  i-otaiy  furnace  produces  iix»n  moi^  fuee 
from  traces  of  phosphorns  and  sulphur  than  the 
hand  puddling  furnaces  do*  They  ai'e  used  for 
producing  iron  for  the  manufacture  of  Hiemens- , 
Martin  steel.  Each  furnace  yields  fifteen  one- 
ton  charges  in  twelve  hours. 
Rotary  Squeezer— *fe  Squeezers- 

Rou^h  CoaL — Relates  ttJ  the  first  applica- 
tion of  loam  in  building  up  a  loam  mould,  ur 
core.  It  is  coarser  and  thicker  than  the  suc- 
ceeding finishing  application. 

Rough  Cut.— .Sv^  Files. 

Rough  Dimensions— The  sixes  of  castings 
and  forgings  which  have  extra  allowance  made 
for  tooling.  Tiie  rough  dimensions  niay  be  ^ 
in.,  \  in,,  \  in.,  or  moi'e  in  some  eases  than  those 
of  the  J 'as ting  or  forging  after  machining. 

Roughing  Down. — ^Signifies  tlie  rapid  or 
heavy  reduction  of  material  preparatory  to 
finishing  operations.  It  applies  to  the  rolling 
of  finishctl  iron  and  steel  in  roughlog  rolls,  and 
to  the  removal  of  the  outer  metal  from  castings 
and  forgings  in  machine  tools. 

Rapid  roughing  down  is  an  economical  opera- 
tion, because  ie€S  time  is  occupied  than  as 
though  a  leaser  amount  of  material  were  re- 
duced, or  i*emo\'ed  by  more  frequently  repeated 
applications  of  the  mils  in  -the  first  case,  or  of 
the  cutting  to<ils  in  the  second.  There  are  limi- 
tations to  lK>tb,  but  up  to  those  it  is  judicious 
to  rough  as  heavily  as  possible^  and  finish  finely, 
Some  slight  amount  of  distortion  is  liable  to 
result  from  roughing,  which  fine  iinisli  removeii* 
In  the  work  of  cutting  tools  a  difference  ia 
generally  made  in  the  shapes  of  those  for  rough* 
ing^  and  finishing.  Fee4a  are  also  generally 
coarser  or  more  rapid  for  finishing  than  for 
roughing,  Some  machine  tools  are  now  built 
specially  strong  for  hea^-y  i-oughing^  leaving  the 
finishing  to  be  done  on  another  machine.     Tlie 
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Fiff.  5.— Rotary  PLAMSt;  Malhink  on  Ciriitlar  Babil     (The  Niles-BemtDt-Frujd  Co,  J 
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^■Mvetit  of  the   high-speeil  steels  has  urejitol  a 

^^ii>werful  impetus  in  favour  of  hea-vy  roughing 

dfiwn,  St*  that  in  some  claames  of  work  it  has 

liecome  a  most  important  factor  in  economical 

piroduetion. 

Roughing  Rolls. — The  first  s^t  of  mlb  in 
miy  h'**n  nv  steel  works,  in  which  the  greater 
part  of  the  reduction  of  sections  is  effected. 
They  have  larger  amounts  of  draiujht  than  the 
Hni.shing  rolls  have. 

Roughing  Tools- — Tools  used  by  metal 
and  wotnl  workers  for  removing  the  greater 
hulk  of  material  preparatory  U*  the  fine  finishing 
operations*  They  ai-e  mostly  of  mund-endecl, 
Dr  of  pniraatic  form,  T}ie  fii*ist  jjenetrate*;  with 
a  concave   section  of  etit,  the  second   takea  a 

Lltroad  flat  ^ha^-ing.  The  first  is  the  more 
Bfiieient,  but  the  second  compeiii$atef*  by  its 
width  of  cut  for  its  sliallownesi?.  It  also 
leaves  a  smoother  surface  than  the  njund  ended 
tool  does.  In  wtiod  turning  the  gouge  is  the 
nmjjhing  tool. 

Round  File  — *S>e  Files- 
^m  Round- Nose  Tool.— <  hi*-  used  by  turners 
^■in  Mtmd  and  metal  for  tluisliing  a«?curately 
concave  sections.  It  acts  by  scraping.  Tools 
of  various  widths  and  radii  are  kept,  Tfie  radius 
of  a  round-no^e  need  not  correspond  with  that 
to  be  turned.  It  is  often  less,  but  cannot  be 
gi'eater.  Though  most  roughing  thiols  have 
ciinvex  cutting  edges,  they  are  not  understood 
when  the  term  round  nose  is  used.  The 
esjiential^  distinct  ion  is  that  the  i^oughing  tool 
has  top  rake^  the  round  n*^se  lias  none. 

Rounds^  or  Round  Bars.— Bai-s  of  circular 

^iiection  r*>lle<l  in  iron  m\i\    a  tee!.     Rivet  bars, 

^■ilay  bars,  and  shafting  are  rounds,  but  the  first 

f  w*o  are  of  special  quality  to  pass  certain  tensile 

and   ductile   tests ;    the   last  has  to   Ije   njlled 

Itraighter  than  commercial  i\>unds. 

liounds  are  rolled  in  dianieters  ranging  from 

t  in.  or  %  in.  up  to  12  in.     But  bars  below 

in,  and  over  3   in.  are  usually  cbargeti  as 

ttras,  and  the  extras  l>ecorae  very  high  over 

iti.  diameter.     Diameter  ad%"ancai3  by  ^^  iii.» 

„    in.,    ^   in«f   and    \    in.    in   various   stages. 

£atUms  jtre  charged  over  alxmt  15  ft,  lengths. 

bftrs  up  to  6^  in.  can  be  had  in  iron  or 

Steel  alone  over  that  dianiete-r. 

Hi^^.t  intrs  are  made  fi^ra  J|  in,  up  to  li  in. 
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in  iron  and  steel.  Rivet  bai-s  in  steel  for  boiler 
quality  must  have  a  tensile  strength  of  24  to  27 
tons  per  square  inch,  and  an  elongation  of  not 
leas  than  25  per  cent,  in  a  lengtli  of  ^  in.  Ship 
rivet  bars  have  a  strength  of  26  to  30  tons  witli 
the  same  elongation.  Stay  hars^  27  to  SO  tons 
with  not  less  than  20  per  cent,  elongation  in  8  in. 

Rwltd  harm  are  those  which  have  been  passed 
through  a  reeling  machiTie,  having  two  conical 
rollers  with  their  axes  set  at  a  slight  inclination 
to  each  other.  The  e fleet  is  to  finish  the  bara 
j>erfectly  smcK>th  and  st might,  and  accurate  to 
diameter. 

Rubber-— AW  Glasspaper  Rubber,  India- 
rubber. 

Rubbing.  -Taking  the  shapes  of  the  teeth 
of  a  worn  <jr  bix>ken  wheel,  with  the  object  of 
obtaining  the  shapes  of  new  teeth  to  replace  the 
old.  Or  a  rubbing  may  be  taken  from  an 
existing  wheel  fixim  which  to  make  a  new  one 
to  work  with.  It  is  done  by  laying  a  sheet  of 
white  paper  against  the  ends  of  the  teetli,  and 
rubbing  the  surface  of  the  paper  until  sufficient 
dirt  or  grease  is  transferred  to  the  paper  to 
indicate  the  outlines  correctly.  The  paper  is 
then  termed  a  mhhififf.  A  more  accurate 
method  is  to  cut  a  thin  templet  to  fit  between 
several  adjacent  teeth. 

Rubbing  Board —A  flat  piece  of  board 
with  a  smooth  face,  being  lield  in  the  hand  and 
used  by  mouUlei's  for  imparting  a  neatly 
levelled  surface  to  broarl  areas  of  foundry 
moulds,  before  fitwd  sleeking  with  the  trowel. 

Rubble  Work. — Roughly  broken  stone 
which  is  used  in  civil  engineei's'  wurk  for  filling 
in  large  spaces,  Before  the  intixxluction  of 
moulded  concrete  blocks,  rubble  was  largely 
used  for  structui^es  under  water,  stability  being 
affoMed  by  the  natural  slope  of  the  material!^, 
and  by  facings  of  masonry  which  serveti  as 
w*ave  breakers.  At  present  rubble  is  chiefly 
reserved  for  heartings,  and  is  often  cemented 
trfjgether  with  liquid  concrete.  Broken  rubble 
is  alsfj  eniploved  in  mixing  concrete  for  blocks. 

Rudder  Frame.— -^"sW  Stern  Frame. 

Rule  Measurement'— This  has  much  less 
prominence  in  the  work*<li()p  than  hitherti.i,  on 
account  of  the  iucreiLsing  enij^Ioyment  of  the 
fixetl  and  the  micrometer,  and  sliding  gauges. 
The   objection   to   direct  rule  measurement  is 
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that  it  cannot  be  relied  upon,  since  the  sense  of 
dght  alone  has  to  be  depended  on  for  results. 
Even  if  dividers  are  used  to  take  off  diniension!?^ 
slight  disicrepaneies  are  noticeable.  The  rule  is 
relegated  therefore  t-o  the  le5»  accurate  classes 
of  tneasurement,  and  for  testing  the  size.s  of 
materials,  as  well  a.^  for  the  work  of  the  carpenter 
and  pat ternmak ei%  Tl  le  w o r k  for  w h ich ,  perhaps, 
the  greatest  accuracy  is  expei^tetl  of  rules  is  now 
that  of  lining  out,  whei'e  dividers  play  ao  ini- 
portant  part  in  transferring  suses  from  the  rule 
to  the  work. 

Rule  of  Thre€- — The  rule  of  tln-ee  in  a 
methtKl  by  which  the  fourth  term  in  a  Pro- 
portion tuay  be  found  when  the  other  thret^ 
are  given.  The  rule  \%  Viased  on  the  fact  that 
the  pix>duct  of  the  **  means  '*  equals  the  product 
of  the  **extremea."  If  2  castings  require  10 
cwL  of  metal,  then  4  castings  will  obiioualy 
require  20  cwt.  of  metal.  This  proportion  is 
fiet  down  thus  ;--2  : 4  : :  10  :  20.  The  numherK  2 
and  20  are  extremes  and  4  and  10  are  mean  a. 
And  2  X  20  =  40,  and  4  x  10  -  40,  If  thei-efore 
any  one  of  these  four  tenna  were  missing  it 
could  be  found.  Take  such  a  question  as  this  ; 
if  1 6  castings  require  94  lb,  of  metal,  how  much 
metal  wiU  20  castitigs  require  ?  Hei^  we  ha  ire 
two  quantities  of  castings,  and  only  one  of 
metal,  and  therefore  1*4  lb.  of  metal  will  go  in 
the  thinl  place.  The  other  two  go  in  the  first 
and  second  places,  and  to  decide  in  what  oixler 
these  two  must  Ije  set  drjwn,  whether  16  cast- 
ings or  20  castings  shall  come  first,  the  question 
nmst  be  considered  whether  more  or  less  than  94 
lb,  will  be  requii'ed.  If  more,  the  order  will  be 
16  :  20  : :  94  :  ?  If  less,  20  :  16  : :  94  :  ?  As  more 
than  94  lb*  of  metal  are  re<|uired  the  fii'st  case 
is  correct*  The  means  are  multiplied  and  their 
product  divided  by  the  one  extreme, 
20x94 
16 

In  every  question,  therefore,  two  points  have 
to  be  decided;  (1)  of  what  kind  is  the  un- 
known quantity,  because  the  other  term  of  the 
same  name  goes  in  the  third  place ;  and  (2) 
will  the  unknown  quantity  be  greater  or  less 
than  this  third  term  ?  if  greater,  then  the 
larger  of  the  two  i*emaining  quantities  goes  in 
the  second  phice,  if  less,  the  smaller  goes  in  the 
second  place. 
10 
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Hulc    of    three    enters    largely    into   pulJey 
question^^  and  it  is  not  always  easy  in  tlies^ 
questions  to  decide  whether  the  required  answer 
must  be  greater  or  less  than  the  third  term,    A 
12-in.   pulley   which   runs   200   revolutions  per 
minute  drives  a  5-in.  pulley.     How  fast  is  tht^ 
latter    running?     The    numljer    of   revolutions 
clearly  goes  in   the  thii^  phice.    But   will  tlie 
number  of  revolutions  be  greater  or  less  for  th« 
smaller  pulley  ?     Evidently  greater.     The  stat^' 
ment  is  then  :— 5  :  12  : :  200  :  1  =  480  i^evolutinf*^ 
per  minute.     Convei'sely,  a  S-in.  pulley  whit^* 
runs  480  I'evolutions  per  minute  is  required  X^^^ 
drive  a  machine  at  200  revolutions,  and  it 
required  to  know   what  sijied  pulley  is  to 
on  the  machine.     The  size  of  the  pulley 
in  the  third  place.     Now  to  run  slower  tbi 
the  driving  pulley,  the  driven  pulley  must 
larger,  and  the  larger  number  of  ['evolution!^ 
g<jes  in  the  second  place,  200  :  480  :  :  5  :  ?^  Ti  iu,- 

Rules. — Staffs  or  strips  of  metal  or  wood 
having  subdivisionj^  of  the  yard  or  tlie  metre 
marked  uj>on  tlieir  faces,  and  used  for  direct 
application  to  work,  or  as  a  means  of  setting 
dividers  or  compasses.  The  wo*xlen  rules  are 
employed  chiefly  by  wood- workers,  and  they 
range  from  lengths  of  a  foot  up  t«  Hc^eral  feet, 
in  the  latter  case  being  provided  with  brass 
piales  let  in  at  the  divisions,  and  a  short  length 
%>i  brass  rule  at  the  end,  graduated  into  the 
finer  sulxli visions.  Hingetl,  tjr  folding  rules  of 
Ijtixwtiod  are  much  used  by  imttern makers  and 
cai*pentei's,  the  usual  length  being  2  ft,»  with 
one,  or  three  joints.  Graduations  ai^e  plaet^ 
on  bo  til  sides,  along  e-ach  edge,  often  \%4tli 
eighths  on  one  side  and  sixteenths^  on  the  other, 
scales  Ijeing  placed  on  the  inside  edge^s  a;*  well 
in  numy  cases.  The  rules  are  so  jointed  and 
cased  in  brass  on  the  edges  and  ends  tliat  the 
wood  does  not  come  into  i^ontact  with  w^ork, 
and  the  wear,  and  the  warping  are  consequently 
delayetl  for  a  eonsidei'able  |>eriod.  The  con- 
traction or  shrink  rules  are  used  by  pattern- 
makers, and  are  longer  than  standard  by  the 
amount  of  shrinkage  whiclr  occurs  in  castings ; 
some  are  mar'kc^d  t'or  iron  only,  some  for  ii*on^ 
brass,  and  steel  Angular  divisions  are  soma- 
timei?  placed  on  the  circular  hinge  of  a  jointetl 
rule,  t<:»  serve  as  an  indication  of  the  angles 
whtch  the  legs   make   at  various  openings,  a 
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which  ia  useful  for  approximate  workmg. 
lies  are  emplayed  chiefly  by  rlraughtn- 
I  others  for  the  more  delicat'e  c lasses  of 
mejit,  where  hard  usage  i*^  not  so  likely, 
Lriations  exist  in  the  classea  of  divisions 
the  better  styl^  of  boxwocKl  and  ivory 
tany  bein^  very  fully  gi-aduated.  A 
idirig  jaw  incorporated  with  a  rule  ifi 
>r  meaHuring  ixkIs,  plates,  ^tc,  by  direct 

(tee J  ruJes  used  by  metal- workei"^^  an* 
de  plain,  and  folding,  but  the  Jatter 
%y  wanted  for  work,  such  as  outdoor 
,  where  it  is  inc^nvenieiit  ti>  carry  a 

iiile*  But  for  accurate  wrjrk  a  solid 
ms  rule  ib  the  oitiy  kind  that  can  be 
pon  for  constant  use»  Hinged  steel 
en  have  a  locking  catch  at  the  joint  to 
arms  at  right  angles,  thougli  this  cannot 
tdetl  on  for  accui'acy  after  a  little  wear* 
duations  on  steel  rules  are  carried  to 
lounta  than  is  the  case  with  woofi, 
ths  being  put  on  some ;  they  can  lie 
F  with  finely  pointed  dividers,  with  or 
a  magnifying  glass.  Metric  and  English 
i   aiie   combined    in   one    rule»   on   its 

sidesj  as  a  convenience  for  those  whi> 

work  by  the  two  standards.  The 
Bsaes  of  steel  rules  are  spring  tempered 
bey  do  not  tend  to  become  permanently 
f^ugh,  damage  or  accidental  piTe>wure. 
d  njles  are  also  made;  the  edge^rs  and 
lo  not^  therefore,  wear  so  rapidly  a^  is 

with  soft  rules.  Thin  flexible  rules 
[y  for  laying  around  cuj-\'es  t<j  niea.su re 
rrectly  \  the  metal  is  of  watch-spring 
out  ilxF  in*  thick. 

g  special  types  of  rules  may  be  men- 
Jie  square  and  trianguJar  forms,  the 
rules*,  used  for  small  o[ieninga,  their 
^ng  only  yj^  in. ;  the  short  rules,  alxiut 
long,  and  provided  with  a  lateral  handle, 
he  edge  may  be  presentee!  t^  confines  I 
IS  where  the  length  of  even  a  (J-in,  rule 
e  prohibitive  of  its  use.  Rules  with 
ons  at  the  end,  lying  at  right  angle„s 
\  to  the  main  divisions,  are  suj»plied  for 
r  purpfjse.  Hook  rules  have  a  small 
I  screwed  to  the  end,  and  lying  flush 
so  that  the  hook  may  be   butted   up 


against  the  edge  of  the  work  to  measure  from  it 
c|uickly;  the  advantage  is  most  apparent  when 
edges  are  rounding,  i^ndering  it  diflicult  to 
place  the  end  of  the  rule  exactly  flush.  If  the 
hook  is  not  required,  it  can  be  turned  back 
out  of  the  w^ay*  Key  ^:eat,  or  box  rules  are 
triangular,  that  b  wit!i  two  flats  lying  at  right 
angles,  and  they  are  laid  on  shafl^  t<»  scribe 
parallel  lines  thereon,  for  key  seats  ;  graduations 
are  usually  placed  along  one  or  lx>th  edges. 
The  circQinfei'enee  rules  are  moat  useful  in 
dealing  w*ith  circles;  they  have  ordinary  inch 
subdivisions  along  one  edge,  and  on  the  other 
the  equivalent  circumferential  measurement  of 
the  cii'cle.  Thus,  opposite  the  first  division 
of  I  in.  there  would  be  3,  and  the  fraction 
equivalent  to  014 1 G  in. 
Rumble.— 6V  Tumbling  Barrel 
Runaway  Motion,  or  Safety  Stop.— A 

device  htt^l  to  an  engine  governor  to  prevent 
racing  in  case  of  jmrts  of  govemoi^s  breaking, 
or  a  governor  tie  It  clipping,  or  a  nmiii  belt 
breaking.  It  comers  into  action  when  the  balls 
rise  boo  high,  and  in  some  cases  if  they  fall  too 
low. 

Runner  Head. — ^The  lump  of  metal  which 
fills  the  ])Ouring  basin  and  iBgate  of  a  motdd. 
A  feeder  head  is  similar,  or  identical  in  fi*rm. 
Theae  heada  are  often  knocked  off  the  castings 
while  red  hot.  They  are  in  request  in  tli© 
foundry  for  putting  into  ladles  of  metal  which  \% 
toij  hot  for  the  purptise  for  wlilch  it  is  required, 
and  the  temptu-ature  is  lowered  by  the  melting 
of  the  heads. 

Runner  Pin- — Als<.i  termed  Rmmtr  sHck^ 
git^  gii  pin^  or  yit  ntick.  The  pattern  which  is 
used  t^j  form  the  runner  opening  of  a  mould. 
It  is  tapered  for  re^idy  withdra'wal,  and  of 
shafiCN  suitable  t*>  varied  kinds  of  work.  Tlie 
commonest  f<jrm  is  of  cylindrical  section,  IJut 
many  are  stjuare^  or  oblongs  and  stout,  or  thin. 
They  are  kept  in  stock  in  all  dimennions,  in  wood 
generally,  but  in  iron  in  sonie  of  the  sniallei' 
slices,  and  in  bi*ass  or  lead  in  the  form  of  i^pratfs. 

Running'  Away^ — The  racing  of  an  engine, 
due  U%  sudden  j^elief  of  the?  load  when  the 
governor  is  inf»|ierativc,  or  not  sensitive  enough. 

Running:  Centre  Chuck.— The  common 
centre^  illustrated  under  Driver,  a4  diii- 
tinguislied  fn»m  the  dead  centre  lathe  type, 
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Running'  Down, — The>  sequence  of  melting 
in  A,  foundry  cu[M>hi*  The  metal  is  ijaid  to  be 
dun'ii  when  it  has  accumuliiterl  in  i^uHiciefit 
quantity  1:)p1ow  the  tuyere**  to  allow  of  being 
tapper]  out  Also  relat-ai  to  the  turnitig  down 
of  a  \mx  with  a  l>o%  tocil,  or  a  hollow  mill 

Running^  Out  Fire— *Sw  Wrought  Iron. 

Running  Tackle,— Any  combination  of 
lihjc'ks  and  ropes,  \\a  di*jtingoished  from  a  fixed 
pulley. 

Run  Out- — The  eneape  i»f  metal  from  a 
fotitnlry  mould  during  |Kniriug,  in  consequence 
of  iL  Wily  made  jtiint. 

Runway.— The  overbeacl  tm4?k  employed 
for  a  tfci veiling  crane  or  hoist ;  ehieily  applied 
t^j  those  in  w^orkshopij,  for  ovorheatl  travellerH, 
or  for  pulley  blocks.  In  the  first  ease  the  i-aila 
are  supported  on  girders  r^esting  on  corbels  in 
the  wall,  or  separate  vertical  columns ;  in  the 
second  the  tracks  are  suspended  from  beams. 

Russian  Sheet  Iron,— A  valuable  ijuality 
numufiicturt'd  t<»  the  past  of  the  Ural  mountains. 
Et  m  charact^-rised  l>y  a  dark  grey  glossy  surface, 
the  result  of  hammer  fininhing^  Particular  care 
is  exercised  in  all  the  stages  of  manufactm^. 
The  c^yjt  iron>  obtained  from  local  ores,  is 
smelted  with  charcf>al,  and  conveiletl  into 
A^rought  iron  by  puddling,  or  in  fineriej=!.  Tlie 
puddle  balls  are  rolled  into  Imrs  abc^ut  5  in, 
wide,  by  \  in  tliick.  The^  are  cut  up  and  iv- 
heated,  and  cross  roll  cm  1  in  packets  of  three 
sheets.  These  are  «heare<l  to  sisit\  \\m\  anneidetJ 
in  a  wood  fire,  and  subsequently  hammered 

Rust — Rusting  pi'oceetis  rapidly  after  it  ha^ij 
commencel  to  form.  This  i.s  explained  by  the 
fact  that  the  rUKfc — the  hydrated  feriic  oxide — 
is  only  the  final  stage  in  a  series  of  chemical 
changes.  Car  lion  ic  acid  appears  to  start  e<>m> 
sion,  forming  a  ferrous  carbonate.  This  is 
di!?s«*lve*l  in  carlx^nic  acifl  moistwre  to  form 
ferr*-ius  bicarbonate.  The  latter  becomes  decom- 
posed in  the  presence  of  air,  and  moiftture,  form- 
ing the  liydi'ated  ferric  oxidBj  an  intermediate 
prmkict  licing  the  magnetic  oxide.  The  hydratt*<l 
ferric  oxide  is  strongly  liygroHoopic  and  abs*irl>H 
moisture  fi-om  the  air,  so  Jiasteniiig  the  forma- 
tion of  more  rust.  It  is  also  believed  that  tiie 
fact  that  ru»<l  is  id<^ctn>|:KJsitive  to  ijTin  favours 
tht*  formation  kA  m**re  oxide. 

Protect  inn   against  ritst    in    n>llerj   iron   and 


steel  plates  is  l>est  affoi\lefl  by  clcjuiing  V\\tm 
iirst  from  scale,  by  a  process  of  pickling  befuf" 
the  application  *jf  paint  On  sucli  mcchaincally 
cleaned  p lathes  one  or  two  applicat  i< ms  of  pun* 
red  lead  in  pure  raw  linseed  liafort  the  final 
coats  of  paint  will  affiird  protection  for  an  in 
detinito  f>eriocL  A  coat  of  hot  lKiile<l  oil  mi  « 
good  substitute,  and  it  ia  the  practice  in  norar 
gtx>d  firms  to  ci>at  all  castings  and  forgiiu;*  •od 
plated  work  thus  Ijefore  doing  any  work  upon 
them,  especially  when  they  Imve  to  lie  ritsdid 
out  of  doors.  But  while  cast  iron  rfi|ttir(?s  an 
preliminary  sealing,  wrought  iron  and  strd 
shouhl  liave  i^uch  treatment,  l>e(*au*ie  rust  wocf 
startecl  will  increase  beneath  the  ^^^ale  aihJ 
paint.  Many  cases  have  tx^curred  on  fh^  faw 
hand  o£  iriin  work  properly  pn^tectenj  bating 
for  half  a  century  unimpaireil,  and  on  tlie  nt^«^ 
hand  \>i  rapid  corrosion, 

Cast  iron  is  lietter  able  t^j  witb^tand  ccmtidon 
than  wrought  iron  or  steel*  and  white  iitjn  thoji 
grey.  It  is  said  that  cast-iron  <'ar  wlie^lft 
immei*scd  in  fresh  and  sea  water  for  ininj 
years  show*  less  con^osion  on  the  chilled  [wriiou 
than  on  the  l»dy. 

It  has  been  stated  that  wmught  ir^m  not 
properly  painted  may  be  expected  to  rust  ii 
the  rate  of  J  in.  from  each  surface  in  frw» 
fifteen  X^y  thirty  years.  If  proj^erly  pnilcctpd 
the  wear  is  inappreciable. 

Rusting^  Patterns.— Ii^o  patt^rn^  arc^Ji^ 
serveil  from  i*ust  in  foundry  moulds  by  being 
rusted,  and  then  varnished,  or  coatefl  with  b(«' 
wax.  A  bright  pattern  would  not  retain  dther, 
but  rusting  imparts  a  surface  whicli  can  be  j^ 
tected  w^ith  these  coatings.  Tht*  ir*>n  is  rwbbed 
with  a  weak  solution  of  hydrochloric  acid,  'r 
with  a  stmng  solution  of  sal-ammt>niac  in  *»^t 
which  when  dried  off  leaves  the  surfac^^  m*4flL 

Rust  Joint. — A  joint  ma<ie  l^etwecn  ti*" 
Hanges  of  tank  plates,  anrl  in  many  wjcketefl 
joints  of  water  pipes.  An  open  sjiac*;  of  aUiol 
%  in.  or  \  in,  is  left,  and  into  thi«  a  mixture  w 
iron  boiings  ami  sat-ammoniac%  nioiHtcnc^i  w»dt 
water,  is  slemtn^^  or  driven  hard  \^ith  a  cj^nlk- 
ing  iron*  The  sjil-ammoniac  cements  tht*  |«f* 
tides  4»f  iron,  forming  a  mass  of  nictai  aiid  ru«*» 
making  a  solid  joint  in  the  <  ^  <^* 

two.     A  little  sulphur  is  som-  '*^ 

it  is  not  rsnential. 
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dle.^Deoates  tlie  base  |>ijrtuin  \A  a 
Btst,  or  di4Lling  head,  oi'  fuilling  head, 
slides  along  its  bed  or  support.     Also 

a  carriage* . 
die    Flange.— A  pipe  flan^^e  which  is 

to  fit  a  eylindrieal  pipe  or  other  vessel. 
die  Key* — A  key  which  fiU  on  the  curve 
baft  instead  of  being  I'eces.se*!  into  a  key 
rhese  mre  only  suitable   for   veiy  light 
br   shafts  too   BtnaU   Ui   i^eceive   a   key 

die  Tank  Engine- — A  locomotive,  the 

I  wJiieh  is  arched  over  by  the  water  tank. 
itahle  for  h)CHl  and  eontmctors^  service, 

I  Edge  File --*sW  Files. 

I  Load* — The  load  on  a  structure  or 
r  which  it  is  able  to  sustain  without 
ig  stress  exceeding  the  elastic  limit.  It 
>d  by  the  factor  of  sfifety  jiermissihle, 
ries  much  with  the  nature  of  the  loading, 
r  dead,  or  U%^e,  or  of  the  nature  of  sudden 
and  with  the  capacity  of  the  material  to 
leterioration.  From  the  latter  point  of 
^i^liPfi  load  111  ay  have  to  be  reduced 
SS»  period  of  service,  as  b  eai>ecially 
e  in  steaiu  boilers^  and  in  iix>n  and  steel 
ibject  to  cor  1*081011. 

ity,  Factor  of  — *SVe  Factor  of  Safety, 
rty  Hoist— ^t^  Lifts. 

ity  Hook- ^^ A  crane  li<:»ok  fitted  with  a 
bai'  *»r  bridge  acros^s  tlie  opeuingi  which 
is  I'isk  of  the  chain  becuming  jerked  off* 

!^  Ladle,— S'lgp  Casting  Ladle. 

sty  Lamp^ — ^Thia  was  invented  by  Sir 
irey  l>avy  about  the  year  \^IS.  Its 
le  in  i Unstinted  by  holding  a  piece  of 
Luze  (about  seven  hundred  lueiihcs  to  a 
inch)  an  incli  or  two  above  a  jet  of  gas, 
lilting  the  gas  above  the  gauze.  The 
lable  gau  below  the  gau^^  does  not  burn 
J  the  wixie  conducU  away  the  heJtt  of  the 
bove  so  rapidly  that  the  gas  below  does 


not  reach  the  teujperaturc  of  ignition,  In  the 
Davy  lamp  the  flame  is  surix^unded  by  gauze, 
and  though  fire  damp  may  be  abundant^  no 
tiame  can  pass  through  the  gauxe  to  exploile  it. 
On  the  other  hand,  explosive  gasea  penetrate  the 
gauze  and  burn  harmlesaly^  their  pres^ence  being 
denoted  by  a  pale  blue  cap  round  the  Bame. 
Specially  designed  lamps  such  as  the  Ash  worth- 
Hepple white-Gray  lamp  are  used  for  ascertain- 
ing the  percentage  *>f  gaa  present.  The  early 
forms  of  safety  lamp  have  been  discai-ded,  partly 
because,  owing  to  improved  ventilation,  aii- 
currents  in  the  mine  have  a  greater  velocity 
than  formerly,  and  the  flame  may  therefore  be 
blown  against,  or  even  through  the  gauze.  Of 
imp^o^'ed  types  the  Mai'sant  is  largely  uaed, 
others  are  the  Clanny^  and  the  Mueseler,  The 
oil  used  is  either  seal  oil  or  rape  oli,  in  tlie 
pixjportioii  of  two  partii  to  one  part  of  paj^ffin 
or  petroleum.  Portable  electric  lamps  are  only 
sparingly  used,  for  although  they  illuminate  the 
working  fiice  better  than  oil  lamps^  they  give 
the  miner  no  indication  of  the  pivsence  of 
dangerous  gaaes.  Electric  glow  lamps  iire  how- 
ever used  in  the  roadways  and  pit  bottoms. 
Explosions  of  coal  dust  or  fire  damp  fltill  occur 
even  with  modern  safety  lamps^  and  some  of 
the  causes  to  wliich  these  accidents  are  attri- 
buted ai^  classified  in  Home  OHice  ReiJorts  as 
being  due  to  (a)  gauze  l>ecoming  red  hot,  (b) 
oil  or  soot  on  gauze  takbig  lire,  (c)  Hame  driven 
thi*ough  gauze  by  ventilating  current,  (d)  Harae 
driven  thiLiugh  gauze  by  impi'oper  handling. 

Safety  Valve.— A  Hft  valve,  which  ia  set 
to  open  at  a  certain  pressure,  the  amount  of 
which  is  detei*mined  by  a  loaded  lever,  or  by  a 
spring  of  definite  tension  strength,  or  by  a  dead 
load.  The  vaiiationf*  of  these  main  designs  am 
not  very  numeixjuSt  s^nd  they  affect  lesser  details 
of  construe  tioti  chiefly.  The  Dead  Load 
Safety  Valve  i**  used  less  than  the  other 
types,  and  for  Lancashire  boilers  chiefly, 
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Lever  Safety  Vidt^s.^ln  tht^se,  Fig>  6,  the 
ratio  between  the  long  and  the  tihort  arm  of  a 
Itmtl&il  lever  is  used  to  determine  the  pressure. 
The  valve  m  between  the  fulcrum  and  the 
weight,  and  the  ateaui  pressure  on  the  valve  is 
many  times  greater  than  the  weight.  The 
pressure  on  the  area  of  the  valve  is  equal  to  the 
steam  pressure  in  pounds  per  st^uare  inch,  multi- 


Having  the  load  given^  to  find  the  -tteiai 
presaui'e,  p^  at  which  the  vaive  wilJ  open — 

The  lever  of  a  safety  valve  is  uauallv  gridii- 
ated,  and  a  notch  filed  at  each  gradua^tioa  Ui 
permit  of  i^gulating  the  pre^iaure  by  movejii^t 


-y 
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fig.  6.— Lever  Safety  Valve. 
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plied  by  that  area.  The  loading  of  the  lever, 
^ind  the  radiuf*  at  which  it  takes  place  i^egulates 
the  blow-off,  but  the  weight  of  the  lever  han  to 
tte  taken  into  the  caleulation^  and  the  more  go 
the  lower  the  steam  pressure.  The  formulie 
given  below  are  used. 

Ijet  W  =s  the  ItMul  in  pounda  at  the  end  of  the 
lever. 
L  =  the  length  in  inehes  from  the  lomi  to 

the  fulcrum, 
f^=^the  weight  of  the  lever  in  ^>ounds. 
tj  =  the  distance  in  inches  of  the  centre  of 
gravity  of  the  lever  from  the  fulcrum. 
jp  =  the  pressure  in  pountls  *>f  the  «team  per 
^uare  inch  above   the  atmospheric 
pressure* 
t?  =  the  weight  of  tht  valve  in  pounds, 
A  —  the  areii-  of  the  valve. 
I  =  the   distance   in   inches  between    the 
centre  of  the  valve  and  the  fulcniai. 
TlieUj  bo  tind  what  load,  W,  should  be  hung 
on  the  lev^er — 

W=((,.A,-(..'5|Uj)}i. 

Having  the  h*ad,  and  the  pressure  given,  to 
find  the  lengths  L,  of  the  lever-* 


L-{,„«A,-(.."^»)W. 
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of  the  weight  to  any  notch*  The  lever  is  eithn 
lient  down  at  the  ful<Tum»  or  the  pin  nvtT  tht* 
valve  IN  pivoted  loosely  on  tJie  lever*  The  object 
in  each  case  is  to  avoid  a  lateriJ  thrust  on  tiw 
valve  at  the  time  of  lifting,  due  to  the  fultrnini 
being  above  the  point  where  the  pin  and  valvf 
ai*e  in  contact.  Most  valves  art*  prtjperlv  miik' 
with  a  corneal  recess  on  the  top,  Fii^  ^\  m  Uv*' 
b*itt<*m  of  which  the  pin  makes  eontaet,  Tbf 
eftect  is  to  htild  the  valve  in  a  horia&ontai  jxi^jtion 
itistead  of  allowing  a  tilting  uiovenient  to'xiM^ 
over  its  seat. 

The  two  main  diffewnces  in  valves  lie  in  1^1^^ 
shape  of  the  joint  which  they  make  with  iht^ir 
seatinga.     Tliey  fonn  either  mitre,  or  lkt-fa<J'?*^ 
jointii.     Mitre   joints   make   an   angle  of  45', 
with  from   ^V   in.   to   i    in,   width  of  fnee*  m 
contact*      Flat  faces  rnay  Ik*  from  i  in.  to  { rw 
wide.     An  objection  to  the  tnitre  is  its  liability 
to  stick.     Flat  valves  are  used  to  a  much  greftW*^ 
extent   than    formerly.     Tlie   guidance   i*f  ^ 
valve  is  either  by  a  central  pin*  L»r  by  wii^lC*- 
The   first    is    nearly   t*b«oletc*     Several    \>*^^^ 
explosions  have  been  traced  to  the  ^       '     "-  ^^^ 
sticking  of  a  vahe  spindle,      Witli  '^^"* 

is  no  vwk  of  bending,  but  tliey  will  ^tick  i^  ^"'^ 
sufticient  phiy  is   alio  wet  I,  ttay  from    ^V  i^^ 
J  in.  in  smalh  and  large  valvea  rwpeetiviply 
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live  may  he  an  t?asy  til  whon  cold,  but  will  be 
liable  to  stick  when  lleat^Hl  if  the  valve  is  of 
^mi-tnetal,  and  the  caaing  of  iron.  In  *jft>od 
vrurk  tlie  easing  is  bushed  with  gun-nietal 
leatings. 

An  objection  to  the  lever  valves  is  the  facility 
with  which  they  can  be  tampered  by  overload- 
log.  If  a  lever  is  longer  than  necessary  for  the 
weight  and  pressure,  the  pressure  can  be  in- 
i:rea6ed  by  moving  the  weight  farther  out.  Or 
heavy  ma.sses  in  any  case  can  be  attached  to 
tlie  weight.  Or  a  wedge  can  be  inserted  in 
fcihe  guide  whicli  is  fitted  t<i  prevent  the  lever 
BBing  too  high.  The  way  to 
Ir&vent  overloading  is  to  keep 
the  valve  under  oliservation,  to 
secure  the  weight  with  a  lock,  or  to  employ  a 
bonneted  lockup  sjtfety  valve,  closed  and  secuix^d 
with  a  fiadlock.  The  dead  weight  safety  valve 
^ias  the  advantage  that  overloading  hecomea 
apparent,  Aa  valves  are  liable  to  stick  on  their 
seats^  the  lever  should  be  lifted  oecaHionally 

Spriiuj  Safntif  l'«/ir^.^Thcre  ai*e  tvvci  kinds 
Df  these,  the  onJinary  type,  and  the  Ramsbottoni, 
Id  tiie  common  valve  a  coiled  spring  occupies  a 
|io&ition  corre^sponding  with  the  weight  at  the 
end  of  the  Itmded  lever  valve.  One  end  of  the 
ijpring  is  anchored  to  the  end  of  the  lever,  the 
atlier  to  a  lug  attached  to  the  boiler.  The 
objection  to  a  spring  is  that  its  power  of  msist- 
^nce  increases  aji  it  is  pidled  apart  by  the  lift  of 
the  valve^  sn  that  a  bigliei*  steam  pressure  than 
the  normal  is  required  to  i^esist  tlie  tension  of 
the  extending  spring.  It  is  usual  to  allow  a 
load  of  1  lb.  pressure  per  square  inch  on  the 
valve,  to  1  lb*  pressure  on  the  spring,  which 
Amplifies  calculation.  The  lift  at  the  ^ivl  of 
the  lever  is  therefore  measured  by  the  rise  of 
the  valve,  multiplied  by  its  area  in  square  inches* 

k^?r*w  of  Vidvf^. — These  are  i-egulatcd  usually 
reference  to  the  squai^  feet  of  fire-giiite,  a 
rather  indeterminate  basis,  but  no  ino^  e  so  than 
heating  surface^  its  alternative.  Firegrate 
Area  is  taken  in  conjunction  with  steam  pressut^^ 
^unee  it  is  obvious  that  valve  area  must  be 
dependent  on  the  volume  of  steam  genera te<^l  in 
^  given  period,  and  the  accumulation  of  which 
i.t  baij  to  prevent,  DifTerent  Governing  Bodies 
at  home  and  abroad  lay  down  rules  which  \'ary 
^rom  each  other,  and  to  which  manufacturers 


of  valves  have  to  conform*  The  Boai-d  of  Trade 
tables  give  minimum  areas  of  valves  per  square 
foot  of  grate  for  a  large  range  of  pressui'eJs,  for 
natural  draught,  which  valve  areas  must  be 
exceeded  considerably  when  forced  draught  is 
used.  But  for  similar  boilers  worked  similarly, 
ami  to  the  same  pressures,  the  volume  of  steam 
will  vary  as  the  grate  area.  To  obtain  fire- 
grate area,  the  length  is  taken  from  the  Inner 
ed^e  of  the  dead  plate  to  the  front  of  the 
bridge,  and  the  width  between  the  sidt^s  of  the 
furnace  on  the  top  of  the  bars  at  the  middle^ 
their  length,  and  the  two  dimensions,  in  feet 


7,-^Ki4riiabottoiij  Valve, 


being  multiplied  together.  It  is  stipulated  that 
in  no  ciise  shail  a  valve  be  less  than  "J  in,  in 
diameter,  and  there  must  be  two  valves  to  each 

Hanishoitom  Vidtma.^ — In  these  a  central  spring 
controls  the  action  of  twu  valv^^  The  spring 
is  attached  to  the  lever  in  a  position  lowei^  than 
the  poinfa*  of  pressure  of  the  lever  on  the 
valves.  The  opening  of  one  valve  tberefow 
relieves  the  preitsui-e  on  the  other,  w4iich  would 
not  be  the  case  if  the  spring  attachment  were 
higher  than  the  points  of  pressure* 

Fig,  7  is   a  section   thmugh  a  Hamsbottom 
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valve  by  Messrs  Alley  k  Maclellan,  Ltd.,  with 
a  section  through  the  lever  and  check  gear  to 
the  right.  The  chest  is  of  iron,  the  valves, 
seats,  and  fulcrum  pins  of  bronze,  and  the  lever 
and  check  gear  of  mild  steel.  It  is  made  in 
bores  of  valve  ranging  from  \\  in.  to  5  in. 
Another  valve  of  the  same  kind  is  shown  in 
Fig.  8,  with  the  difference  that  a  flange  is 
fitted  at  the  side  for  use  in  covered  boiler 
houses  where  it  is  necessary  to  carry  the  waste 
steam  away.     This  involves  bringing  the  valves 


marine  service.  Spring  valves  are  single,  or 
double.  They  are  enclosed  at  the  top  so  that 
they  cannot  be  tampered  with.  Provision  is 
made  for  lifting  the  valve  by  means  of  screw 
easing  gear  to  test  its  freedom  of  action.  It  is 
worked  by  hand  from  the  engine  room  or  the 
stokehold. 

The   Board   of  Trade   rule   for   the  size  of 
springs  is  — 
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Fig.  8. — Ramsbottom  Valve,  with  confined  Plxhaust 

and  seatings  lower  down  in  the  chest.  It  is 
made  in  the  same  dimensions  as  the  previous 
valve,  and  both  for  pressures  up  to  200  lb.  per 
square  inch. 

Direct  Sprintj  Loading. — The  valves  for 
marine  engines  are  of  this  type,  the  valve  stem 
being  prolonged  into  a  casing,  and  encircled  by 
a  coil  spring  which  has  a  maximum  lift  equal 
to  one-foui-th  the  diameter  of  the  valve.  The 
pressure  being  direct  is  preferable  to  lever 
valves,  and  as  the  latter  would  be  affected  by 
the  rolling  of  the  vessel  they  are  not  used  in 
16 


Where- — 

S  =  the  load  on  the  spring  in  pounds. 
D  =  the  diameter  of  the  spring  (from 
centre  to  centre  of  wire)  in  inches. 
d  =  the  diameter,  or  side  of  square,  of 

the  wire  in  inches. 
C  =  8,000  for  round  steel. 
C  =  11 ,000  for  square  steel. 
The  Fop  Valt>e, — This  is  the  name  given 
to  a  valve  in  which  the  steam  blows  off 
sharply  with  a  pop.  This  result  is  obtained 
by   causing   the  escaping   steam    to  act 
sharply  on  an  additional  area  above  the 
valve,  which  then  compresses  the  spring 
suddenly.     The  valve  also  closes  sharply 
when  the  pressure  is  reduced  by  about  3 
per  cent. 

Accumulation. — This  signifies  the  ability 
or  otherwise  of  a  valve  to  carry  off  sur- 
plus steam  under  the  most  unfavourable 
conditions.     Many  boiler  explosions  have 
been  traceable  to  valves  which   allowed 
the  pressure  to  run  up  while  blowing  off. 
Several  things  may  conduce  to  accumula- 
tion, the  principal  being  insuflicient  area. 
It  is  usual  to  test  this  by  firing  hard,  with 
feed  and  stop  valves  closed,  for  from  twenty 
to  thirty  minutes,  when  the   accumulation  of 
pressure  should  not  exceed  from  5  to  10  per  cent. 
When  a  valve  is  open  to  a  height  of  one-fourth 
of  its  diameter  it  is  fully  open,  because  : — 
diameter^  x  -7854       diameter 
diameter  X  3-14159  ~        4 
Contributory    causes    of    accumulation    are 
tightly  fitting  valves,  stiffness  of   springs  and 
connections,  due  to  rusting,  and  whatever  tends 
to  produce  these  results. 

Tliough  the  Board  of  Trade  and  other  Ixxlies 
give  rules  for  the  strength  of  safety  valve  springs 


PRACTICAL    ENGINEERING, 


Sal 


d  and  squai*e  steel,  manufacturers  test 
lives  before  sending  them  out. 
—The  drop  of  a  rope  or  belt  between 
in  the  horizontal  direction.  Some 
of  sag  is  unavoidable,  and  a  moderate 
3  essential  to  avoid  too  great  tension, 
y  an  evil  when  it  is  excessive,  inducing 
and  swaying  of  the  belt. 
ers. — The  boxes  in  which  the  castings 
ced  for  annealing  in  the  process  of 
malleable  cast  iron. 

mmoniac,  or  Ammonium  Chloride, 
—This  was  formerly  prepared  by  dis- 
he  ammoniacal  liquor  of  gjis  works, 
ling  the  ammonia  gas  with  hydrochloric 
1  evaf)orating  the  liquor.  It  is  now, 
,  mostly  obtained  from  the  sulphate,  a 
1  solution  of  which  is  mixed  with  a 
dution  of  common  salt ;  on  evaporating, 
iulphate  separates  out,  and  ammonium 
is  left  in  solution.  In  appearance,  sal- 
ic  is  a  colourless,  tough,  translucent, 
aass,  soluble  in  water,  and  with  a  saline 
[t  is  used  as  the  electrolyte  in  Leclanche 
i;  in  the  printing  of  textile  fabrics; 
&  flux  in  soldering.  Sal-anmioniac  is 
give  bronze  a  good  antique  colour.  It 
largely  by  engineers  in  making  rust 
for  tanks,  and  pipes. 
ometer. — A  form  of  hydi*ometer  de 
:>r  estimating  the  proportion  of  salt  in 
jr  of  a  marine  boiler.  Salt,  when  in 
becomes  deposited  on  the  tubes  and 
nd  the  object  of  the  salinometer  is  to 
I  when  the  water  becomes  too  salt,  at 
»ge  a  definite  quantity  is  blown  off, 
ftced  with  fresh  make-up. 
eilinometer  is  graduated  to  show  the 
gravity  of  the  water  at  a  definite 
:ure,  usually  200"*  Fahr.,  which  would  be 
16  temperature  of  water  freshly  drawn 
boiler.  The  instrument  has  a  gradu- 
al, having  a  bulb  loaded  with  shot  or 
to  keep  the  stem  upright  in  the  water, 
bher  forming  a  float.  The  stem  above 
is  graduated  thus  : — 
ater  contains  on  an  average  5  oz.  of 
le  gallon,  or  1  lb.  of  salt  in  33  parts  of 
r.  ^^  part  therefore  is  the  unit,  termed 
ec  of  saltness;  10  oz.   of  salt  to  the 
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gallon  is  ^-^j,  or  two  salt  iraf^rs,  and  so  on. '  The 
latter  is  the  lunit  de^u-able,  above  which 
blowing-off  should  be  done,  as  well  as  regular 
scumming. 

The  salinometer  is  graduated  by  floating  it 
first  in  fresh  water  at  200'  temperature,  and 
marking  the  level  of  the  water,  and  then  by 
floating  it  in  sea  water  of  the  average  g^jy  degree 
of  saltness,  and  at  the  same  temperature,  and 
marking  again.  A  definite  quantity  of  the  sea 
water  is  taken  and  boiled  down  to  half  the 
quantity,  which  will  give  twice  the  concentra- 
tion of  salt  as  the  average.  Then  the  instru- 
ment is  floated,  and  marked  again  for  ^-.j.  Then 
by  boiling  down  to  a  half  again,  and  once  more, 
to  give  |^\y  and  jAy  of  saltness.  The  spaces  be- 
tween these  marks  are  then  subdivided  to 
indicate  ounces. 

The  graduation  at  a  definite  temperature  is 
essential,  because  the  volume  of  water  expands 
with  heat,  and  if  tests  were  made  at  diffei-ent 
temperatures,  the  instrument  would  not  record 
alike  correctly.  It  is  also  essential  that  the 
tests  be  made  in  an  open  vessel  at  atmospheric 
pressure. 

Salt. — A  salt  is  pnKluced  by  the  combination 
of  an  acid  and  a  base.  Thus  the  action  of  sul- 
phuric acid  on  zinc  oxide  (a  base),  produces 
zinc  sulphate  (a  salt),  and  water : — 

ZnO  -h  H,,SO^  =  ZnSO^  -h  H.,0. 

The  hydrogen  of  the  acid  is  replaced  by  the 
metal.  When  the  whole  of  the  hydrogen  of 
the  acid  is  replaced  by  the  metal,  a  iiormal  salt 
is  produced,  but  when  only  part  of  the  hydrogen 
is  displaced,  an  acid  salt  results.  Thus  KoSO^ 
is  a  normal  salt ;  KHSO^  is  an  acid  salt.  The 
natuix;  of  a  salt,  whether  normal  or  acid,  is  not 
revealed  by  it«  action  on  litmus.  The  com- 
bination of  a  normal  salt  with  a  basic  oxide  or 
hydroxide  produces  a  bcufic  salt : — 

(ONO.  (OH  rONO.> 

PbJ  '  +  PbJ         =2Pb| 

(ONO,  iOH  (oh 

Acids  whose  names  end  in  ous  form  salts 
whose  names  end  in  ite;  and  names  of  acids 
ending  in  ic  form  salts  with  names  ending  in 
ate  (as  in  the  first  equation). 

Salting. — A  certain  amount  of  salt  is  allowed 
to  accumulate  on  the  interiors  of  marine  boilers. 
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Frequent  blowing  off,  and  scunmiing  are  adopt-ed 
to  pre  vent  U>o  grea  b  an  at'C  u  ni  u  1  at  h  .» ii .  It  sho  u  1  d 
not  exceed  ^^  wait  watei%  or  10  o^,  of  salt  to  tlie 
gallon.     Sre  Satinometen 

Saivagre  Work— The  recoveiy  of  vessels 
which  have  sunk  in  .shallow  wateri  or  have  been 
piirtially  damaged  by  contact  with  rockii  or  by 
collision.  About  a  thousand  vessels  are  lost 
every  year  all  over  the  worlds  and  of  these  a 
«mall  proportion  are  partly  or  wholly  salved. 
Association?^  for  this  work  exist  in  most  mari- 
time countrios.  The  n>ost  notable  among  I'eeent 
works  of  this  kind  are  the  Montagu  at  Luady, 
which,  however,  was  unsuccessful^  and  the  S^wmc 
off  the  Lizard.  The  latter  was  cut  in  two,  the 
compjiratively  undamaged  portion  towefl  to 
Houthampton,  and  a  new  part  made  in  Belfast 
and  towed  to  Bouthampton  and  riveted  to  the 
old.  Another  piece  of  work  fresh  in  the  memory 
is  the  salving  of  the  submarine  AL 

The  present  article  deals  with  the  engineering 
equipment,  and  the  character  of  the  operations 
which  have  to  be  perfoi^med. 

The  work  of  ^salvage  includes  engineering 
opemtions  in  their  widest  scope,  carried  on 
under  extreme  ditticulties.  There  ie  no  such 
thing  as  cut-and  dried  repetitive  operatitms, 
since  each  piece  of  work  involves  methods  of 
treatment  specially  adapted  for  it.  Hence  the 
salvage  vessels  are  floating  workshops,  carrying 
materials  and  tools  to  suit  all  possible  emer- 
gencies which  may  arise.  A  large  proportion 
of  these  involve  work  done  by  divers.  See 
Diving  Operations.  Cutting,  drilling,  blastr 
ing,  and  patching,  have  to  be  done  as  much 
under  as  above  water*  Powerful  centrifugal 
pumps  and  engines  are  necessary  for  pumping 
water  out  of  compartments,  and  alst)  from 
pontoons  when  sucii  are  attache*!  tij  a  sunken 
vessel.  An  electric  light  installation  is  required 
to  supjily  light  by  ineandencent  lamps  for  the 
work  done  under  water.  Wells'  lights  are  also 
used  on  bmrd,  or  on  shore  in  the  event  of  the 
ten^porary  failui^e  of  electric  light.  Plenty  of 
wire  rope  is  require* I ,  and  stores  of  all  conceiv- 
able kinds*  A  workshop  is  well  equipped  with 
machine  tools  for  idl  kinds  "f  possihk'«i|M'rations^ 
Ixu*  i  1  ig ,  pla  1  ling,  b  »1 1  ma  k  i ng,  tV»rgj  n  g,  ri  veti  n  g  ; 
and  a  cttrp*^ntcrs'  deijartuient  for  heavy  timber 
work, 
18 


A  pneumatic  plant,  and  tools  aro  an  <?wnitiil 
p*iit  of  the  equipment.  It  includes  an  mr  eim 
pressor,  chipping,  ami  riveting  hamrtierH^  liriD^ 
for  wooii  and  metal.  Tlieae  will  w(*rk  mA-f 
water* 

A  telephone  provides  me^ins  for  the  divert  h* 
communicate  with  the  vessel,  the  condiirtin^ 
wires  being  passed  through  the  air  pipi*-s*  TV 
life  line  is  used  for  pitasing  mateHals  up  wnl 
down. 

The  methods  of  niising  ^e^jsels  and  tjjcir 
cargoes  have  to  be  varied  with  ciiTumHtaacfi^ 
Fair-leads  on  the  ahip  are  used  for  lifting  hmvf 
weights  out  of  veasels  by  the  rise  of  the  aliip 
with  the  tide,  the  vessel  dragging  them  at  high 
tide  t<»  shallow  water.  Some  cargoes  whid> 
swell  under  water  have  to  be  broken  out  witli 
break -out  gear*  This  is  used  for  dealing  witi 
Jute,  cottoii,  grain,  and  coffee*  TcsiseU  air 
raised  bodily  by  the  flotation  of  two  «ilvag»? 
vessels  ranged  one  at  each  side,  steel  wire  hawien 
being  passed  under  the  wiseck.  The  latt^'r  it 
then  towed  into  shallower  water  and  grtmucid, 
and  lifted  again  at  the  next  tide*  mi  tjiat  in  imt 
or  five  such  operations  a  sunken  vessel  iniiy  k* 
beached. 

In  some  cases  pt>ntoon.s  are  riv^^teil  on  the 
sides  of  vessels,  and  ivhen  all  is  ready,  tiie 
water  being  pumped  out  of  them,  there  is  ttfi' 
cient  buoyancy  to  lift  tlie  wreck.  At  the  mant 
time  bulkheads  and  I'ooms  often  have  t<»  he 
emptied  by  pumping  before  the  vessel  can  hit 
floated* 

Frequently  large  holes  in  the  ship's  platiitg 
have  Ui  be  covered  up  before  pumping  can  be 
attempted,  and  these  may  Ik?  partly  or  whoH| 
under  water*  Timber  is  generally  used  to  omn 
thei^e  up,  the  deals  being  laid  oiitside, 
caulke<l  with  oakum  or  cement  an<i  ht*ld 
in  phtce  witb  bolt^*  Weak  part^  tx^iKy  have 
be  stiffened  with  plates  or  lje«uns*  Haggd 
pof^ions  are  often  severed  by  drilling,  iir  h 
small  bhistiiii:;;  chargi'S,  if  undrr  wat^r. 

Sand- Blasting* — Una  process,  introdi 
by  B.  C,  Tilghroan   in   187(K  depefida  lor 
action  upon  the  ilriving  «>f  innnmcrAble  gUill 
of  fine  siiud  or  i>tlier  malrrial  by  thr»  ng^encgp 
steam  or  air  against  a  surface,  which  Im  thcrel 
cut   fjr   ground   away,   ^a   Uiough    a   ^riritjii 
wheel  had  been  paii»fHl  u^'er  it.     Afl,  hi>wt*vi 
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«&ud  is  m  the  form  of  »  Btreanii  it  is  able 

E;rat«  recesses  and  work  over  irregular 
which  could  not  be  treated  by  a  solid 
agent.     Each  grain  of  sand  does  it« 
te  of  the  abrasioHj  but  as  its  effect  is  ex- 
tiely  minute,  the   most  delicate   operations 
be  performed  and  the  blast  be  controlled 
b  precision.     Among  the  work  done  by  the 


ally*  In  the  Hner  classes  of  operations  are 
included  file  sharpening,  carv^ing,  or  engraving 
in  stone,  marble,  Jtc,  the  decoration  of  stone, 
gla.^  pottery,  ifcc,  and  various  classes  of 
granulation  or  roughening  up  on  glass,  wotxi, 
celluloid,  *kc,  A  peculiarity  of  the  blast  is  that 
it  take^  much  less  effect  upon  soft  pliable 
Kubstancesi,  so  that  if  a  piper  pattern  ur  teniplet 
is  plaL-ed  npon  a  glass  surface,  the  latter  will 
he  abraded  where  the  apertures  in  the  pattern 
esXpose  it,  while  the  paper  itself  is  unaffected. 

The  propelling  medium  is  usually  air,  steam 
Ijeing  inconvenient  for  obvious  reasons.  A 
pressiure  of  from  5  lb*  to  25  lb,  per  sq.  in.  is 
employed,  derived  from  an  air  compressor,  in 
conjunction  with  a  receiver,  which  steadies  the 
supply,  and  provides  a  reserve.  Fig,  9,  Plate 
TL,  shows  a  plant,  with  the  compressor  on  the 
left^  belt-driven,  the  air  receiver  at  the  centre. 


t-blast  may  be  mentioned  that  of  cleaning 
IDUs  kinds  of  objects,  to  remove  dirt  or 
1^1,  as  on  castings  and  forcings  pre(>ara- 
\  bo  tooling,  or  to  enamelling,  galvanising, 
ilng,  tinning,  Ac.  Cleaning  braased  jointe, 
^  cycle  frames,  dirt  and  paint  from  plating, 
ships,    and    rust   from    ironwork   gener- 


and  the  sand-blast  apparatus^  to  the  light, 
with  its  flexible  blast  pipe  attached-  Tlie 
construction  of  the  apparatus  is  seen  in 
Fig.  10;  the  casting  contains  an  upper 
chamber,  A,  having  a  hopper  into  wliich 
the  aand  is  fed,  and  allowed  to  pass 
int4j  a  chamber,  ii,  by  a  valve  opening,  con- 
trolled  by  a  handle.  From  B  the  sand  is  dropped 
into  the  last  reservoir  c,  through  an  opening, 
conti*olled  Himilarly  by  a  lever.  Tlie  air  is 
brought  in  through  the  pipe  D,  passing  down 
into  the  space  below  c.  On  allowing  the  sand 
to  fall  from  c  through  a  slot,  by  opening  the 
valve  E,  with  the  handle  P,  the  sand  is  blown 
into  the  pipe  a^  and  thence  out  of  the  ease  into 
the  pipe.  The  plaii  view  shows  an  arrangement 
for  two  outlets  with  duplicate  valves,  so  that 
two  operators  can  be  supplied. 

When   tlie   blast   pipe    is   used   thua,   it   m 
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necessary  to  provide  a  closed  chamber  for  the  glass  roof,  air  inlets  at  the  top,  and  perforated 
actual  sand-blasting,  from  which  the  grains  of  cast-iron  floor  plates,  through  which  the  dust 
sand  and  dust  cannot  escape.     The  arrangement     and  sand  fall,  to  be   sucked  away  by  the  ex- 


Cl»5^  tt^Qr     *^^i**^^^ 


ttltHfLt 


F:" 


AttP 


Jttfl  MiCfUfffT 


[L& 


•J. 4-. .  ^..J.-^ 


La 


il ^"'^'^-^  VvV 


Fig.  1  h— Sand 'Bla.^ ting  Plan L 
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of  a  complete  installation  is  shown  in  Fig.  11,  hausting  fan,  passing  through  the  top   of    tin 

and  the  lettering  indicates  the  various  parts,  apparatus,  where  a  cyclone  separator   and   ai 

The  blast  room  is  built  of  sheet  steel,  with  a  sieve  causes  the  heavy  sand  to  fall  back^int^ 
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the  mixing  chamber  for  use  again,  while  the 
waste  fine  dust  is  carried  on  and  dropped  into 
the  water  tank.  Being  then  converted  into 
mud  it  is  easily  collected  and  removed.     The 


or   shot  and  dust  having  no  effect  upon  the 
operator. 

Fig.  12  illustrates  a  tumbling  barrel  for 
cleaning  castings  and  forgings  with  the  sand- 
hlaxt.  Hast  pipes  bein^ij  arransr^  insidp  an  that 
ajs  I  he  barrel  slowly  revohes,  the  objecUi  are 
tumbled  over  each  other,  and  all  portions  of 
their  surfaces  are  in  turn  exposed  to  the  jets, 
i^esulting  in  a  thorough  cleaning.  The  sand 
and  dust  escape  from  the  barrel  A,  through 
fierf orations  into  the  box  n^  and  are  drawn  by 
the  air  current  along  underneath  and  up  into 
the  separator  c,  where  the  light  dust  passes 
out  of  the  vertical  pipe^  and  the  hetn'y  sand 
drops  down  again  into  the  apparatus  d.  As 
there  \%  a  partial  vacuum  in  the  barrel  A  while 
working,  no  tendency  to  leakage  outwards 
exists,  and  stJ  there  is  no  dust.     Fine  chilled 
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Fig.  1*2. — Tumbling  Barrel  for  Sand- Blast. 


actual  state  of  mud  is  reached  while  in  the 
exhauster,  by  means  of  a  rose  jet,  impinging 
against  the  blades  of  the  exhauster,  and  catch- 
ing the  dust  as  it  goes.  The  sand-blastei's 
wear  helmets  of  leather  (one  of  which  is  seen 
on  the  ground  in  Fig.  9),  into  which  air  is 
pumped  for  breathing  purposes,  the  flying*  sand 


shot  is  sometimes  employed  in  place   of   sand 
for  such  purposes  as  cleaning  castings. 

One  of  the  most  important  applications  of 
the  sand-blast  is  that  of  file  sharpening,  both 
in  the  case  of  newly  cut  files,  and  for  re- 
sharpening  worn  ones.  In  this  case  water  is 
used,  so  that  the  sand  is  converted  into  fine 
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mud  (it  has  been  aptly  termed  a  liquid  grind- 
stone). Steam  is  used  instead  of  air  for 
dtivijig  the  sand  jt*t.  Fig.  13,  Plate  II.,  shows 
on  apparatus,  in  wlijch  the  iuind  and  water 
mixture  is  contained  in  a  conical  reservoir,  seen 
to  the  lefti  and  is  conveyed  to  the  settling 
chamber,  within  which  the  appiiratus  is  con- 
tained, by  t  wo  ru  bber  tubes ,  The  jet  apparatus, 
flhown  in  enlarged  section  in  Fig.  Hj  i^^  so 
constructed  that  the  streams  of  sand  and  water 
are  not  brought  together  within  the  pipe,  but 
at  a  short  distance  from  the  no?^le,  so  that 
there  is  no  scouring  action  tending  to  wear  out 


mm 


Fig.  14, — File  Slmrpeiiing  Jet, 

the  pipe.  The  steam  goes  in  at  A,  and  passing 
round  t^  eitlier  side  of  the  pipe  B  produces  the 
spray  at  c.  The  feeler  piece  d  serves  the 
purpose  of  a  supi>ort  for  the  file,  anfl  als**  as  a 
test  by  which  the  degi'ee  of  sharpening  can  be 
felt,  as  the  operator  moves  the  file  e  slowly  to 
and  fro.  v  is  a  guide  which  confines  the  file 
sideways,  g  shows  the  action  of  the  blast  on 
the  back  of  the  teeth.  The  blast  is  directed  at 
an  angle  of  about  SC  with  tlie  axis  of  the  file,  sw 
that  it  acts  on  one  side  and  one  edge  of  the 
file  simultaneously.  The  tang  is  held  in  a  long 
handle  for  easy  eonti\*l.  The  steam  used  is  at 
60  lb.  pressure.    The  sand  should  be  fine  enough 


to  pass  through  a  sieve  of  120  meshes  to  the 
square  inch.  This  quality  may  be  obtained  at 
plate  glass  works,  where  it  is  a  waste  product 
from  the  grinding, ,  and  is  there^oi'e  obtainable 
at  a  low  price. 

SEnd  Blirnt^ — A  casting  is  in  this  condition 
when  its  rnuuld  has  not  been  faced,  or  in.siifti- 
oiently  faced.  The  raetal  is  in  too  intimate 
contact  with  the  sand  when  the  amount  of  eoal 
dust  is  too  small,  or  when  plunilDago  facings  are 
not  used.     The  result  is  a  roughened  Burface, 

Sand  Drier. — A  machine  used  for  drying 
sand  before  using.  It  is  sometimes  done  oo 
plates  over  a  core  oveu, 
but  when  large  quanti- 
ties are  required  a 
special  machine  is  used. 
This  may  be  a  rotating 
drum,  with  spiral  ledges, 
along  which  the  ^nd  1% 
carried  to  be  dropped 
into  a  pit,  or  on  to  a 
convey  pr.  A  furnace 
supplies  the  necessary 
heat  to  the  drum,  and 
the  draught  is  under 
controh 

In  otlier  forms  of 
drier,  a  dome  mhaped 
furnace  is  surnmnded 
wit! J  the  sand  rece|^»- 
tacle.  Or  a  series  cf 
pipes  from  a  furnace  are 
surrounded  with  the 
B^iTid  apace,  something 
like  a  tubular  boiler. 
Sand  Grinder,  or  Loam  Mill— A  machine 
in  which  sands,  clay,  coal,  and  coke  ai*e  ground 
and  pulverised  previous  t-o  mixing  and  nst\  Or 
the  same  machine  may  fulfil  the  functions  of 
both  grinding  and  misting.  A  Ball  Mill  in 
some  of  its  forms  is  often  used,  Tlie  balls  may 
rtftate  in  a  cylinder,  or  in  an  annular  [mt3j. 
Another  is  the  edge  runner,  or  roller,  or  inorta,r 
mill  type  in  which  heavy  rollerB  rotate  in  an 
annular  path  in  a  pan, 

Sanding^ — Hand  is  fed  on  to  the  i^ils  in 
front  of  locomotive  driving  wheel b  to  enable 
them  t<>  get  a  grip  on  slipf>ery  rails,  jV  steam 
jet  is  generally  used,  carrying  the  sand  from 
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PLATE   II. 


Fig,  0,— Sand  Blast  Plant. 


(Tilgbtnan^s  Patent  Sand'Bla«t  Cix,  Lbl) 


Fig*  13*— Sam*  Blast  AiPAHATis. 
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a  box,  tlown  through  the  mind  pip^^  which  is 
curved  to  lay  around  the  wheel  and  deliver  the 
sand  as  close  as  possible  to  the  trend. 

Sand  Mixing  Machines.— After  the 
various  foundry  sands  have  been  selected  in 
suitable  proportions  they  are  mixed.  In  moat 
small  foundries  this  is  done  ift-ith  the  shovel » 
thn>wirig  the  material  about  intimately,  and 
pnimi^Hruously*  But  in  large  foundries  machines 
are  often  used.  They  are  of  horizontal,  or 
vertical  types  according  as  the  axis  of  revolu- 
tion is  in  one  position  or  the  other*  Tlie  sand 
passes  between  two  grids,  the  direction  of  motion 
of  one  being  contrary  to  the  other,  and  the  sand 
is  mixed  between  them* 

A  rotary  maehine  is  the  centrifugal  t\^,  by 
M^rs  W,  Sellers  ifc  Co,  In  this  the  axis  of  ro- 
tation is  TerticaL  The  sand  is  broken  between 
upright  piuM  on  a  revolvinj^  plate,  which  is 
rotate*!  rapidly,  throwing  the  sand  among  the 
pins  and  breaking  it  up,  S^  Centrifugal 
Sand  Mixer 

Sand  Pumps. — l>redgers  of  a  certain  type 
designed  for  excavating  in  aandy  bottoms  and 
soft  mud.  They  are  vastly  more  efficient  than 
grabs  for  this  particular  kind  of  work.  The 
early  sand  pumps  were  of  crude  designs  by 
comparison  with  later  oqes.  But  with  perhaps 
a  (tingle  exoeption  they  all  embodied  the  action 
of  the  cetitrifugal  pump,  and  suction  under  a 
%iicuum  ci-eated  by  the  pump, 

lu  the  Woodford  pump,  the  pump  re!^t**d  on 
the  ground,  and  comprisetl  a  horistont-al  disc 
with  two  or  more  arms  working  in  a  case.  The 
disc  was  keyed  to  a  vertical  shaft, which  was 
driven  by  belting  or  gears  from  a  p*irtable 
engine.  The  vertical  shaft  was  ench*8ed  in  the 
discbarge  pipe. 

In  Schmidt's  pump,  the  material,  consisting 
of  blue  sticky  raud,  was  cut  up  by  bhides  on  the 
botttmi  face  of  a  I'evolving  disc,  driven  by  a 
vertical  sliaft*  A  centrifugal  pump  above  drew 
up  the  sand  ami  water  through  a  vertical  pipe^ 
whence  it  wjls  dischargeii, 

A  form  of  sand  pump  which  has  been  used  in 
India  for  excavating  froni  the  insider  of  bridge 
cyhoders  wiien  being  sunk,  is  the  Kennard, 
whicii  euibxlies  the  princij^le  uf  the  common 
lift  pump.  A  piston  ab:>^e,  a  suction  pipe 
belowj  and  a  chamber  between  provided  with 


lift  valves  are  the  essentials.  When  the  chamber 
is  full  the  pump  has  to  be  hauled  up  for  its 
discharge. 

In  a  sand  punjp  di'edger  the  problem  is  to 
lift  the  largest  percentage  of  sand  to  water,  and 
to  discharge  as  little  sand  as  pcvssible  with  the 
watei'  discharged.  A  dredger,  to  be  efficient, 
must  be  able  to  deal  with  large  quantities  of 
material,  and  to  operate  at  variable  depths. 
The  pump  is  usually  carriefl  in  a  boat  provided 
with  hoppers,  in  which  the  sand  is  carried  out 
to  sea  and  discharged. 

8and  pump  dredging  on  a  large  scale  has  been 
carried  on  successfully  in  the  Mersey  since  1890^ 
where  five  vessels  have  been  employed  for  the 
purpose.  The  latest  is  the  Coro7iationt  Fig, 
15,  Plate  II.,  and  Figs.  16  to  IS;  built  in 
1903  by  Messrs  Yickera,  Sons,  *fe  Maxim,  Ltd, 
^  She  is  capable  of  pumping  4,500  tons  of  sand 
per  hour»  and  c-an  carry  in  her  hoppers,  3,500 
tons^  which  are  of  70,000  cub,  ft  capacity. 
The  vessel,  332  ft.  long,  is  propelled  at  10  miles 
an  hour  by  engines  of  2,000  HP,  The  pumping 
engines  are  of  800  HP,  The  cost  of  dredging 
works  out  to  a  halfpenny  per  ton,  including 
repairs,  wages,  and  supplies.  The  following  is  a 
brief  account  c^  the  operation  of  the  sand 
puraps* 

The  sand  is  puuaped  by  centrifugal  pumps 
with  impellers  6  ft.  in  diameter,  and  6  in,  wide 
at  the  tips  of  the  blades,  making  about  150 
revolutions  per  minute.  The  mean  vacuum  on 
the  pumps  at  the  trials  was  S-fi  in.  There  are 
two  similar  pump^,  each  driven  by  its  own 
independent  engine,  each  delivering  sand  into 
the  hoppers  at  the  rata  of  2,100  tons  per  hour. 
The  pumps  have  suction  and  discliarge  apertures 
of  36  in,  in  diameter,  and  the  suction  tubes 
are  of  the  same  si^e.  These  tubes  project 
out  on  each  aida  of  the  vessel,  and  each  is 
fitted  with  a  swivel  head,  around  which  it  can 
l>e  moved,  and  raised,  or  lowered  by  derricks 
operated  by  steam  winches  on  the  deck,  wliich 
are  driven  by  double-cylinder  reversing  engines. 
The  form  of  nozzle  is  importtint:  its  shape  is 
the  result  of  much  experimenting,  having  been 
designed  to  bury  itself  in  the  sand  in  order  to 
enable  it  to  take  up  the  maKimuui  of  sand 
possible  with  the  least  admixture  of  water.  In 
the  original   style^  in  which   the   nozzle  only 
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traversed  the  sui-face,  the  eflfect  of  the  suction 
was  to  create  a  hole  round  the  nozzle,  which  had 
the  effect  of  increasing  the  proportion  of  water 
drawn  up.  In  the  new  form  shown,  Fig.  19, 
designed  by  Mr  Lyster  for  work  in  the  Mersey, 
the  grid  is  at  the  lowest  point  of  the  curve,  and 
the  sand  is  sucked  in  there.    The  point  becomes 


the  amount  of  opening  being  increa.sed  in 
proportion  to  the  distance  of  the  hoppers  from 
the  pumps.  There  are  eight  hoppers,  in  two 
lines  of  four  each.  The  flushing  pipes  are 
arranged  within  the  sides  of  the  hoppers,  to 
wash  out  any  sand  remaining  after  the  main 
discharge.     The  material  is  discharged  through 
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buried  bj-^  the  material  falling  over  outskle  it. 
As  much  as  50  per  cent,  of  sand  is  lifted  thus. 

The  pump  discharge  goes  through  a  deflecting 
valve,  which  either  passes  it  to  the  lander 
troughs,  whence  the  hoppers  are  filled,  or  to  a 
flushing  pipe.  The  landers  run  alongside  the 
hoppers,  and  have  two  discharge  valves  to  each 
hopper,  by  which  the  supply  can  be  regulated. 
These  can  be  so  set  that  the  range  of  hoppers 
lengtliways  of  the  vessel  can  he  filled  equally, 


Fig*  m^Sanfl  Pump  Dredger  Con^mtiion. 


\\  vahe  :it  the  bottom  of  the  hopper?,  worked 
hydraulically,  and  towards  which  the  sides  of  the 
hoppers  are  sloped.  The  entire  load  can  be 
discharged  in  from  five  to  ten  minutes. 

Previous  to  Mr  Lyster's  improvements,  it 
was  found  that  about  20  per  cent,  of  the  sand 
raised  was  lost  in  passing  away  with  the  over- 
flow water  discharged  over  the  sides  of  the 
vessel.  This  has  now  been  reduced  to  practically 
nothing,  with  also  a  saving  of  from  20  to  25 
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[>er  cent,  of  the  time  i occupied  in  loading. 
It  is  done  by  covering  the  hoppers  with 
tbin  sheet  iron,  leaving  only  an  opening 
4  ft.  in  u'idth  at  the  centre.  A  channel 
or  trunk  is  prolonged  above  to  a  height  of 
4  ft..  Fig,  18,  The  fUscharge  pipes  are 
laid  as  near  to  the  outside  as  possible.  The 
effect  is,  that  the  water  before  its  discharge 
has  to  travel  away  from  the  place  of  dis- 
charge, and  commotion,  and  rise  5  ft.  up  the 


trunk  before  it  can  pass  off  over  the  aides*  The 
eflet*t  of  head  is  added  to  that  due  to  vertical 
rise,  and  the  result  is  that  the  solid  particles 
cannot  rise  with  it.  Even  in  a  test  made  of 
black  juud,  the  percentage  of  solid  overflow 
was  only  about  half  of  one  per  cent. 

Sands.  —  These  are  used  in  metallurgical 
operations  for  furnace  linings,  and  in  foundry 
moulds  for  casting  into.  The  sands  used  for 
linings  have    been    mentioned    under   various 
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heads.       The    present   article    relates   to    the 
moulding  sands. 

Two  main  essentials  must  characterise  any 


Fig.  18. — Cross  Section  through  Dredger. 

sand  used  for  casting  into — infusibility,  and 
consistence.  A  sand  cannot  be  too  refractory* 
from   the   first   point   of   view,    but   it    might 


binding  property.  Silica  is  present  in  proportions 
which  range  from  94  to  98  per  cent. 

A  good  test  of  the  quality  of  a  sand  mixture 
when  tempered  with  moisture  is  to  squeeze  a 
mass  in  the  hand.  If  on  release  it  retains  the 
all  ape  imparted,  it  has  sufficient  consistency  for 
woi'ki  ng. 

The  moulding  sands  are  found  nearly  all  over 
the  United  Kingdom,  but  certain  localities 
possess  better  qualities  than  others. 
_^^_  The  names  of  Erith,  Falkirk, 
^^^'  Mansfield,  Worcester,  Belfast,  are 
faniiUar,  and  there  are  lesser  known  sources. 
Generally,  as  a  matter  of  economy,  firms 
infike  use  of  the  sands  which  lie  nearest  them. 
Relatively  small  quantities  of  single  sands 
are  made  use  of  by  comparison  with  mixtures 
of  two  or  more  kinds,  whereby  the  open  or  close 
qualities  of  simple  sands  are  corrected,  and  so 
mixtures  are  rendered  suitable  for  all  the  varied 
classes  and  grades  of  work  done  in  foundries. 
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Fig.  19. — Nozzle  of  Sand  Pump  Dredger. 


contain  the  infusible  element  silica  in  too  great 
proportion    for    the    second.       Hence   metallic 
oxides  must  be  present  to  impart  the  necessary 
26 


The  New  Red  Sandstone,  and  the  coal  measures 
yield  the  principal  supplies  of  moulding  sand. 
Some  are  found  in  the  Greensand,  and  in  the 
Chalks. 

Mixtures^  and  Grades  of  Sand. — So  many 
terms  are  employed  to  distinguish  these  that 
each  had  better  be  explained  under  its  own  head- 
ing. 

Green  Sand. — ^This  is  a  coherent  sand,  suffi- 
ciently so  to  hold  together  when  moist,  and 
retain  the  shape  left  by  ramming  around  the 
pattern  after  the  pattern  has  been  withdrawn. 
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It  does  not  deimte  tlie  sand  f I'om  any  particular 
1i)cality,  but  may  Ije  any  of  tho-ie  just  named » 
same  of  which  are  finer,  and  more  tjpen  or  »t.lf- 
r*^%i%f\g  than  othei-s,  or  mixtures  of  them.  It 
nmy  be  red,  yellow,  or  greeti,  when  unused  from 
the  quarry.  But  it  must  be  poured  into  just  iia 
it  is  rammed,  slightly  moi^t,  fur  if  dried,  the 
moulds  would  be  friable,  and  fracture,  and  fall 
to  pieces.  By  far  the  largest  number  of  moultJs 
made  are  formed  in  <^een  sandj  and  mixtures  of 
such  sands. 

Faciti^  Saitd. — Tlie  oxidisabie  el  em  en  Us  in 
the  gi'een  sand  would  become  burnt  on  the  sur- 
face by  the  contact  of  the  molten  metal  with 
them,  with  the  n:?Hult  that  the  surface  of  the 
easting  filling  up  the  pitting  produced  would 
be  ver)^  nmgh.  To  avoid  this,  and  to  produce 
a  clean  smooth  surface,  the  body  of  the  sand  in 
the  mould  is  covered  by  a  thicknejss  iif  from 
^  in.  to  1  in.  of  a  special  mixture  of  sand  con- 
taining a  con^siderable  proportion  of  coal  dust. 
The  oxidation  of  the  coal  dust  protects  the  sur- 
face of  the  metal  In^m  coming  into  intimate 
contact  with  the  oxidisabie  elements  in  the  sand. 
As  might  be  supposed,  heavy  castings  which 
remain  hot  longer  than  light  ones  require  larger 
prniportions  of  coal  dust  in  the  facing  sand  used. 
There  might  be  I  of  coal  dust  to  8  of  sand  for 
heavy  work,  against  half  the  quantity  for  lighter 
clanees  of  work. 

Dr^  &i lid, —This  is  also  termed  a  strong  sand^ 
because  it  is  heavy  and  clayey,  and  so  bound 
together  with  horse  manure,  or  cow  hair,  or 
straw  tlwit  it  does  not  become  disintegrated 
when  dried.  It  also  contains  coal  dust^  ami 
frequently  a  quantity  of  old  used  loam,  ground 
tip.  The  moulds  are  rammed  precisely  as  are 
those  in  green  sand,  the  sand  being  moistened 
and  eonsoUdated  by  ramming.  But  it  is  usually 
rammed  hai"der,  and  often  vented  le^s,  because 
the  tiand  is  largely  self- venting  due  to  the  burn- 
ing  out  of  the  imrticles  of  hay  in  the  process  of 
drying.  Drying  is  done  in  the  core  stoves^  or 
in  pits* 

Cor€  Sand. — This  is  a  dry  sand  mixture. 
The  same  mixture  may  be  used  for  both  pur- 
poaea.  But  its  composition  is  varied  to  suit 
th»  mass  of  the  cores.  For  light  cores  its 
composition  approximates  to  that  of  the  weaker 
sands,  being  (^peu,  but  having   sufficient  clay 


water,  or  j^case  nieid  mixed  with  it  t-o  reniier  it 
coherent  when  dried.  For  heavy  work  the 
regidar  dried  sand  mixtures  ai-e  usetl.  What 
are  termed  fjreen  »and  corm  are  not  made  of 
coiie  sands,  but  of  the  ordinary  green  mixturt*s 
used  for  moulds.  Such  cores  are  not  ilrieil, 
being  simply  internal  portions  of  their  moulds 
as  distinguished  from  the  external,  and  made 
by  the  same  methods,  often  rammed  within  the 
pattern  itself,  instead  of  in  a  l>ox.  They  may 
be  dried  on  the  surface  (»kinfii*ied)  juatas  large 
green  sand  moulds  often  ai^e. 

Loam.  — This  is  only  distinguished  fi-om  dry 
sands  in  its  being  used  in  a  plastic  condition, 
in  the  absence  of  coal  dust,  iit  a  larger  propor- 
tion of  clayey  materials  and  of  hoi^se  manure 
usefl,  and  in  the  non -employment  of  the  vent 
wire»  with  some  slight  exceptions.  It  is  swept 
up,  and  dried  thoixiughly.  There  are  different 
grades  of  loam,  coarse,  and  fine,  for  I'ougliing 
up  and  finishing. 

Partiwj  Sand. — This  is  merely  burnt  sand 
which  has  been  oxidised  and  become  non- 
absorbents  It  is  produced  by  heating  new  sanil 
in  the  stove,  or  the  sand  scraped  from  the 
surface  of  castings  in  the  fettling  shed  is  ub^ed. 
It  is  dusted  on  the  joints  of  moulds  to  separate 
the  sand  in  different  boxes,  which  without  the 
sand  pai'ting  would  become  stuck  together. 

Black  Satid.  —  Tliis  designates  the  sand  which 
forms  the  foundry  floor,  or  ^fioor  sand.  It  is 
composed  of  sand  wliich  has  been  moulded  in 
repeatedly  {old  sand)  until  most  of  its  virtue 
has  been  burnt  out.  It  is  employed  for  filling 
boxes  (box  ^filtiji^).  Or  mixed  with  a  propor- 
tion of  new  sand,  it  is  used  for  the  areas  next 
the  pattern,  which  in  turn  are  covered  'with  a 
I  aver  ijf  facing  sand. 

Sand  Sifters^ — Machines  for  separating 
sand  of  fine  grade  from  the  coarser  lumps. 
Hand  sifters,  as  sieves  and  riddles^  are  used 
for  the  moulds^  hut  tliese  are  not  undenstcxxK 
Sand  siftei's  are  of  large  dimensions  to  deal 
with  the  sand  in  quantity,  before  it  is  delivei^ 
to  the  moulders. 

Sand  sifters  are  of  two  brtmd  tj-pes,  the 
rocking,  and  the  rotary.  The  majority  belong 
to  the  first  named,  llocki ng  sifters  comprise 
an  iron  frame  suspended  from  overhead,  with 
a  sieve  at  the  bottom  on  which  the  sand   is 
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shaken  by  the  to -and -fro  movement  of  the 
frame,  effected  by  cam  teeth.  The  sand  falls 
into  a  bin  below,  and  the  unbroken  lumps  pass 
out  at  the  end,  the  sifter  being  sloped  for  the 
pui-pose.  In  another  form  the  frame  is  sup- 
ported from  below  on  four  rocking  links,  and 
the  reciprocation  is  effected  by  two  eccentrics 
on  a  belt-driven  spindle  at  one  end.  Pneu- 
matic sifters  have  come  into  service  lately.  A 
rectangular  or  circular 
sieve  is  supported  on  a 
tripod.  Its  rocking  links 
are  supported  on  two 
of  the  tripod  legs,  and 
a  pneumatic  cylinder  is 
carried  on  the  apex  of 
the  tripod,  and  oscillates 
the  sifter  rapidly. 

In  many  small  foun- 
dries thecommon  riddles 
or  sieves  are  used,  being 
reciprocated  by  hand  on 
two  horizontal  bars  of 
an  iron-framed  horse, 
the  sand  falling  below. 
What  is  termed  screen- 
imj  is  allied  to  sifting, 
being  a  preliminary  to 
it  or  alternative  thereto. 
A  large  rectangular 
riddle  is  supported  at 
an  angle  of  about  30" 
or  40',  and  the  sand 
is  thrown  against  it 
with  a  shovel.  The  finer 
sand  passes  through,  and 
forms  a  heap  behind,  the 
coarse  lumps  tumble 
down  in  front.  Another 
common  form  has  the 
riddle  rocked  to  and  fro 

by  means  of  cranks  attached  to  the  frames,  and 
operated  by  vertical  shafts.  These  are  actuated 
by  bevel  wheels  from  an  upper  horizontal  shaft, 
which  is  driven  by  a  pitch  chain  from  a  hand- 
wheel.  The  machine  is  carried  on  a  four-legged 
framing. 

Kotury   Sifters. — In  one  type   of   these  the 
riddle  is  of  hexagonal  drum  shape,  revolved  on 
a  horizontal  axis  by  belt  power.     The  lumps  of 
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sand  are  partly  broken  by  horizontal  bars  pass- 
ing through  the  interior.  A  steel  brush  strik- 
ing against  the  sides  of  the  drum  prevents  the 
meshes  of  the  screen  from  becoming  clogged 
with  sand.  The  lumps  are  prevented  from 
falling  out  and  mixing  with  the  sand  by  an 
internal  projecting  rim. 

Sandwich  System. — An  attempt  made  to 
combine  the  advantages  of  shop  training  and 


Fig.  2(). — Saw  (riiard, 

technical  study.  It  has  been  adopted  in  con- 
nection with  several  technical  schools  and 
colleges,  students  spending  a  winter  term  in 
the  college  and  the  summer  months  in  the 
shops.  In  another  way  it  has  been  carried 
out  by  individual  firms,  apprentices  spending  a 
certain  number  of  hours  weekly  in  the  training 
school  instead  of  in  the  shops,  the  period  spent 
in  school  tuition  being  counted  as  working  hours. 
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pytjtt*m  pmniises  well  by  cfunparison  witli 
farlier  practice  of  sepja rating  college  anil 
'training  lij  intervals  of  seseT'al  ypars, 
IW  Fence---  A  plate  whifh  controls  and 
^  timber  in  a  straight  line  past  a  circular, 
It  IB  capable  t>f  adjustment  to 
tbickne-sses  to  lie  cut,  and  ha-s  a 

plate  attached,  which  is  moved  foi'ward 
ickward  to  suit  the  diameter  of  saw  in 

An  angular  or  tilting  adjuatmenfc  is  in- 
id,  when  l>evel  sawing  has  to  be  done. 
^  benches  have  the  fence  held  by  an  arm 
[bar  at  the  endj  so  that  the  entire  fence 
be  swiing  down  out  of  the  way,  leanng 
rhole  surface  of  the  bench  clear  for  cross- 
ing purposes*  Bome  fences  have  a  set  of 
jg  let  into  the  face,  when  self-acting  feeds 
fc^j ployed,  a,*^  ia  the  rope^  and  roller  feetl 
4ne8. 
(W   Guards*  —  The>se    are     necessary    tm 

T  saws  tci  prevent  the  sawyer ^s  hands 
ht  through  an  accidental  slip.  A 
should  l3e  adjuf^t>able,  and  it  should 
ietely  prot-ect  and  enclose  the  teeth  at  all 
i  Messrs  M.  Glover  k  Co,  have  a  type 
fcrd  which  is  largely  used ;  it  is  shown  in 
20.  Tl^ie  hcKid  A,  of  bras,s,  i»  hinged  to  a 
Ig  block  w^hich  is  lixed  by  turning  a  ^maU 
i-wheel.  The  whole  guard  is  supiK>rt^  by 
i  B,  standiog  laterally  exactly  above  the  aaw^ 
Be,  and  vertically  adjustable  by  a  bar  set  in 
inping  bracket,  c^  attached  tu  the  machine 
P  A  therefore  may  be  brought  d«iwn  close 
le  stuff  being  sawn,  no  matter  what  its 
pess  may  be  within  tlu*  limitSj  so  that  the 
id&nt  t^nnot  catch  his  tingers  when  feed 

A  riving  knife,  i>,  guar^is  the  back  of  the 
ind  ia  pr^ivided  with  means  of  adjustment 
Ifferent  diametei's. 

^WS- — Sawing  machines  are  trtmted  under 
^  specific  heads*  \\*e  hei^  deal  with  the 
tself  a$  a  tool,  and  its  etliciency  or  other- 

M^.- — Saw  teeth  difler  in  shape  and  siaie 
^iing  to  the  kiiid  of  work,  and  character  of 
^ood  for  which  they  are  intended.  Gener 
ihey  are  funned  Xjl\  cut  only  in  one  dtrec- 
of  the  saw*'s  travel,  and  they  either  have 
Itinuous  movement  in  that  direction,  iis 
and  and  circular  saws,  or  do  not  cut  on 


the  retura  stroke.  The  chief  exception  to 
thin  \^  the  large  two-handled  cross-cut  which 
is  operated  by  two  men,  and  cuts  l>oth  w^ays, 
Teeth  that  cut  equally  well  in  both  directions 
are  alower  in  their  work,  and,  with  the  ex- 
ception  just  mentioned,  give  more  trouble  in 
holding  the  wo*>d  securely,  and  exerting  equal 
power  each  way*  Teeth  intended  to  cut 
in  one  direction  only  have  their  points  inclincti 
in  that  (Urection,  that  is,  if  centre  line»s 
were  di"oppe<l  from  the  point?^  perpendicular 
to  the  line  of  teeth,  the  teeth  would  not  be 
syiometrical  on  eacl[  side  of  the  centre  line  aa 
they  ace  in  a  cross-cut  saw,  but  tlie  gi'eatcr 
portion  of  eacli  tooth,  and  in  many  cases  all  of 
it,  would  be  behind  the  line  dropjied  from  the 
point.  This  inclination  is  called  rnAc,  \\v  }u*yk, 
and  is  gi^atest  in  saw^s  for  rip]»iiig  softwoo*i, 
and  lei^t  in  saws  for  ci"oss- cutting  hardwTMjd* 
It  is  much  greater  in  machine  saws  than  in 
those  workefl  by  hand* 

Tlie  shapes  and  angles  of  saw  teeth  are  there- 
fore governed  by  the  relative  Imrdness,  or  soft- 
ness of  the  timber  which  they  have  to  cut,  and 
whether  ripping^  or  crossHiutting  are  dcme.  The 
outlines  may  be  absolutely  angular,  with  no 
curves,  or  the  latter  may  be  introduced  freely. 
To  take  t)"jncal  teeth  for  hand  saws,  Fig.  21,  the 
diiierence  between  the  form  for  ripping.  A,  and 
that  for  cn>ss-cutting,  B,  may  be  observed  ;  the 
front  of  the  teeth  in  a  lies  at  right  angles  ti>  the 
line  of  t^eeth,  the  back  slope  making  30"  thereto; 
in  LI  the  same  cutting  angle  is  preserved,  but 
it  is  thrown  iTiund,  so  that  the  tooth  front  has 
negati%e  rake*  The  teeth  arc  also  pitched  finer 
for  cross-cutting  than  for  ripping ;  this  applies 
to  other  clajases  of  saw^s.  All  the  smaller  saws 
used  fitr  bench  work  have  teeth  of  the  same 
shape  as  these,  with  the  same  amount  of  rake- 
llie  points  of  the  teeth  do  n<it  overhang  the 
i^oot«,  but  the  latter  are  slightly  in  advance  in 
the  direction  of  tlie  line  of  teeth.  With  more 
rake,  the  teeth  would  catch  instead  of  cutting 
through  the  wood  easily,  and  with  less  they 
would  not  cut  as  rapidly.  Plain  angular  shaj:*es 
of  teeth  used  in  band  saws  are  shown  at  c,  with 
or  without  a  slight  rtiunding  at  the  root*  The 
pit4?hing  ma}'  be  very  widct  d  ;  greJiter  strength 
\%  secured  by  ample  curving,  E,  with  slight 
flattening  l>t^hind  the  j»oint,  or  complete  curves, 
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p.  The  teeth  of  saws  used  in  frame-saw 
machines  are  usually  like  G,  rather  long,  and 
with  a  little  front  rake. 

Cro88'Cut8. — The  large  hand  cross-cut  sawS 
are  noticeable  chiefly  for  the  special  forms  of 
teeth  which  are  used,  beyond  the  plain  peg 
tooth,  H ;  the  M-teeth,  J,  are  common,  and  also 


noted  on  many  cross-cuts  is  that  a  few  p^ 
teeth  of  fine  pitch  are  placed  at  one  end,  in  the 
case  of  a  single-man  saw,  and  both  ends  in  a 
two-man  saw,  to  enable  a  start  to  be  easily 
effected  in  the  timber,  l.  What  are  termed 
cleaner  teeth  are  introduced  in  many  patterns, 
to  produce   better  work ;  thus  at   m,    teeth  a 


Ai>i>Ar 


Fig.  21.— Saw  Teeth. 


a  similar  construction,  k.  The  middle  teeth  in 
K  and  L  are  termed  regulating  teeth,  because 
they  admit  of  altering  the  extent  of  the  cut, 
according  to  the  strength  of  the  sawyers.  By 
putting  more  bevel  on  the  centre  teeth,  the 
saw  will  cut  with  more  avidity ;  if  on  the  other 
hand  the  teeth  are  filed  obtusely,  the  saw  will 
penetrate  less  freely.  A  point  that  may  be 
30 


perform  this  function,  their  points  being  set 
slightly  below  the  level  of  the  other  teeth  h ; 
N  and  o  represent  other  shapes  of  teeth,  and 
numerous  makers  have  variations  based  on  these, 
some  more  or  less  fanciful  in  outline.  Saws  for 
stone  and  for  ice  have  very  long  and  finely 
pointed  teeth. 

Circular  Saws. — Circular  saw  teeth  are  very 


Saw 


PRACTICAL   ENGINEERING. 


Saw 


tli verse   in    form ;    angular    shapes,    shown    in 
Fig.  22,  A,  and  b,  used  for  ripping,  and  occasional 


of  tx>oth  for  pine  and  deal  is  that  at  f  ;  more 
hooked  shapes  are  also  common,  cutting  well. 


r^-^ 


^-t-r. 
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Fig.  22. — Teeth  of  Circular  Saws. 


cross-cutting,  giving  place  to  moi-e  obtuse  angles, 
c  and  D,  for  harder  woods,  e  gives  a  stronger 
backing  to  the  tooth.     The  usual  English  foi-m 


though  rather  more  delicate.  This  is  shown  at 
G ;  Messrs  Di&ston  make  gullet-tooth  saws  in 
which  the  edge  behind  the  point  forms  a  portion 
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of  a  regular  spiral,  leaving  a  good  space  for  dust 
clearance.  The  undercutting,  seen  in  the 
enlarged  view  j,  enables  sharpening  to  be  done 
by  simply  filing  the  front  of  the  tooth;  the 
gullets  are  chambered  out,  or  gummed,  as  soon 
as  repeated  sharpenings  have  brought  the  face 
flush  with  the  gullet  bottom. 

Cross-cut  saws  generally  have  the  peg  tooth  k, 
or  the  fleam  l.  A  slight  amount  of  forward 
inclination  is  sometimes  imparted,  m  ;  if  the 
teeth  are  undercut,  as  at  n,  the  labour  of  sharpen- 
ing will  be  lessened.  Mitre  saws,  used  for  fine 
work,  have  cleaner  teeth  interspaced  as  at  Oj 


Fig.  23.— Inserted  Teeth. 

grooving   saws,   which   are   thick,    and    hollow 
ground,  have  teeth  similar  to  p,  or  to  Q. 

Inserted  Teeth. — The  inserted-tooth  circular 
saws,  which  have  been  developed  largely  in 
America,  are  made  with  detachable  teeth  or 
points  inserted  in  recesses  around  the  rim.  The 
advantages  are  that  the  full  diameter  of  the 
blade  is  always  retained,  and  that  in  case  of 
damage  being  caused,  nothing  worse  than  break- 
age of  a  few  points,  or  their  ripping  out  can 
occur,  so  that  it  is  not  necessary  to  cut  the  saw 
down  suflBciently  to  form  a  new  circle  of  teeth. 
The  points  are  also  easy  to  sharpen,  and  they 
cut  freely.  The  method  of  holding  each  point, 
or  bit,  a,  is  by  a  shank,  6,  see  Fig.  23,  a,  the 
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Hoe  tjrpe,  both  of  these  fitting  by  vee  grooves 
against  the  vee'd  edges  of  the  socket ;  the  heel 
of  the  bit  backs  against  a  shoulder  which  takes 
the  thrust,  and  the  tight  fit  of  the  shank, 
combined  with  its  springiness,  holds  the  two 
firmly  in  position.  A  special  wrench  with  pins 
fitting  the  holes  in  the  shank  is  used  for  the 
insertion  and  removal.  The  sharp  chisel  point 
may  be  noticed.  The  bit  and  shank  are  shown 
in  place  at  b.  The  Disston  method  is  illus- 
trated at  c  and  d  ;  in  some  cases  pins  or  rivets 
are  used  to  retain  the  points  in  place. 

Metal    Cuttiiig    Teeth. — Saws    for   cutting 
metal  are  made  with  teeth  having  no  front 
rake,  or  only  a  little.     Hack-saw  teeth  are 
similar  in  shape  to  band-saw  teeth  for  metal. 
Circular  saws  have  the  front  faces  of  the  teeth 
radial,  like  milling  cutters.     Backing-off,  as 
in  milling  cutters,  is  often  done  to  provide 
clearance.    Inserted  teeth  of  high-speed  steel 
are  much  used  for  heavy  sawing,  including 
armour  plates.     The  teeth  are  held  in  by 
wedges,    or    screws,   or   a   combination    of 
both. 

Tension. — Reference    was     made     under 
Band  Saw  to  the  hammering  or  tensioning 
of  those  saws.     In  circular  saws  a  different 
set  of  conditions  prevails ;  owing  to  the  tre- 
mendous speed  at  the  rim,  that  portion  tends 
to  expand  and  stretch,  and  so  run  untrue, 
which  results  in  bad  sawing,  on  account  of 
the  teeth  dodging  knots,  and  shakes.     By 
hammering   or   blocking   the   blade  around 
the  central  area  it  is  loosened  there,  and 
so   compensates   for   the  expansion  of   the 
rim.     The  higher  the  speed  of   the   saw,    the 
greater  the  looseness  necessary,  and  so  it  follows 
that  a  tension  imparted  to  a  given  saw  will  not 
suit  it  if  run  at  higher  or  lower  speeds,  or  if 
the   diameter  is  reduced.     Trouble   from    this 
cause  is  overcome  to  some  extent  by  packing 
the  sides  of  the  saw,  so  that  it  will  become 
heated  at  the  parts  required  by  running  against 
the  packing.     Thus  a  saw  slack  at  the   teeth 
and  tight  at  the  centre  would  be  packed  tightly 
close  to  the  centre.     Packing  near  the  teeth  is 
required   as  a   guide   in   large   saws,   but   the 
amount   of   heat  generated    depends    on    how 
tightly  the  saw  is  packed.     The  inserted-tooth 
saws  always  remain  of  the  same  diameter,  and  do 
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not  need  re-tensioning,  like  solid  saws  that  have 
been  reduced. 

Saw  hammering  is  a  difficult  operation,  re- 
<|uiring  long  practice  to  enable  one  to  become 
pn.>ficient.     This  is  work  that  should  be  done 
by   an    experienced   man,   and   saws  are  gene- 
rally returned  to  the  makers  for  the  purpose. 
The    tools  employed   are  an   anvil   of   oblong 
form,  a  couple  of  straightedges  and  two  liam- 
mers,    one    round-faced,    the    other    with    flat 
cros8-panes.     Before   any  attempt   is  made  to 
tension  the  saw,  it  may  be  necessary  to  oblit- 
erate bumps,  or  lumps  on  the  plate,  which  inter- 
fere with  its  proper  running;  these  lumps  are 
tested    by   applying    a    straightedge,   and   are 
then   removed  by  placing  the  saw  on  a  block 
«»f  wood,  and  lightly  hammering  on  the 
convex  side  of  the  lumps  with  the  round- 
fac€Kl  hammer.     To  examine  the  tension, 
the   saw  is   supported   horizontally  with 
one  e<lge  resting  upon  the  anvil,  and  a 
straightedge  is   applied   across    the    face.       If 
the   saw   has   lost   its   tension    the   plate   will 
touch    the    straightedge    all    across;    pi'operly 
the   central   portions  should   hang  sufficiently 
l<.K>se   to  enable   light   to    be   seen   under  the 
straightedge,  from  rim  to  rim.     The  amount  of 
clearance  requisite  is  a   matter   for  judgment 
and  experience.     The  looseness  is  increased  by 
spreading  the  metal  with  numerous  blows  of  the 
round-faced  hammer,  as  the  plate  lies  flat  on  the 
unvil,  treating  both   sides,  and  working  fairly 
<;lose  to  the  centre  and  to  the  rim.     Care  should 
be   taken   not    to   unduly  hammer   any  places 
where  local  looseness  is  excessive,  as  evidenced  by 
applying  a  short  straightedge  from  the  centre 
4>ut  to  the  rim,  and  observing  the  light  beneath. 
Should  the  centre  of  a  saw  be  too  loose,  it  is 
corrected  by  hammering  around  near  to  the  rim. 
Manufacin/re   of  Circular  Satvs, — This  is  a 
large  industry  which  has  grown  much  by  the 
employment  of  the  hot  and  cold  metal  cutting 

5iaWS. 

Tlie  saws  are  made  from  ingots  of  a  suitable 
^rade  of  steel,  reduced  to  thickness  in  rolls. 
A  plate  is  sheared  to  the  circular  outline,  and 
the  central  hole  drilled.  The  teeth  are  fomuMl 
by  punching,  and  the  burrs  thus  produced 
removed  by  grinding.  Tempering  follows. 
Heating  is  done  in  a  furnace  to  a  bright  red, 
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and  hardening  in  a  bath  of  sperm  oil.  Temper 
is  given  by  burning  off  the  oil.  As  the  blade 
has  become  warped  it  is  hammered  on  an  anvil^ 
followed  by  grinding.  This  is  done  between 
two  grindstones  which  revolve  in  opposite 
directions,  the  blade  of  the  saw  being  set 
vertically.  Polishing  with  emery  follows. 
After  this  the  hammering  is  imparted,  the 
object  of  which  is  to  give  the  proper  tension  to 
the  blade  to  allow  for  expansion  when  working. 
Setting  and  sharpening  follow. 

Saw  Sharpening^. — The  points  and  cutting 
edges  of  saw  teeth  soon .  become  dull  with  use, 
and  require  fi*equent  sharpening  to  get  the 
best  results  from  the  saw.  The  set  of  the 
teeth  also  diminishes  with  wear,  and  after  the 


Fig.  -24.— Setting  Saw  Teeth. 

saw  has  been  sharpened  a  few  times  it  requires 
re-setting.  The  latter  operation  is  generally 
performed  first,  so  that  the  freshly  sharpened 
edges  shall  not  be  dulled  by  subsequent  setting. 
Tlie  fiet  of  a  saw  is  the  amount  to  which  the 
teeth  ai-e  bent  alternately  to  each  side,  so  that 
they  will  make  a  cut  slightly  wider  than  the 
thickness  of  the  blade,  thus  enabling  the  latter 
to  follow  and  clear  itself  without  excessive 
friction.  More  set  is  necessarv  for  euttin-ix 
across  grain,  especially  in  soft  wet  wood,  than 
for  ripping  with  the  grain.  The  ordinary 
hand  saw  retjuires  a  great  deal  of  set,  compare<l 
with  most  other  siiws.  There  are  various 
methcKls  of  imparting  this.  One  of  the  simplest 
is  to  bend  the  teeth  with  a  plain  hand  set, 
as  in  Fig.  24.  This  is  sometimes  fitted  with 
a  guide  to  ensure  bending  each  tooth  to  a 
uniform  amount.  Alternate  teeth  are  first 
bent  to  one  side,  and  then  the  saw  turned 
c  33 


Saw 


TBE    ENCYCLOP.EDIA    OF 


Saw 


round  and  lliu  others  bent  tu  the  other  side. 
Another  eiinple  way  is  to  lay  the  saw  on  u 
block  with  its  tectli  to  oue  edge^  und  Jiet  theni 
bj  tapping  with  the  peiie  of  si  hammer.  This 
alsOi  of  oourse,  reqiiire^s  considerable  skill  tii 
obtain  unifonu  if^ultw.  An  improvenient  on 
these  niethtxife  i;*  to  uso  a  set  of  the  kind  Bhown 
in  I^'ig-  24,  Here  tlie  srjueezing  of  the  hanclk's 
together  acts  jx^wer fully  on  a  punch  whit^h  m 
pushetl  forward  and  liends  the  tooth  to  an 
exact  auTomiti  governed  by  the  extent  of  the 
setting  of  the  jaws,  Thtn^e  *are  also  vai^ieties 
of  aetB  in  which  the  saw^  Is  laid  ilat,  and  a 
vertical  punch  is  tapped  by  a  hammer,  the 
amount  of  set  l>ei ng  regulated  in  \'iirii»us  ways* 
It  19  important  in  all  casen  that  the  teeth 
sihould  l>e  set  uiiiformly,  and  the  amount  should 
iiot  be  nioi'e  than  is  neceissarj'  for  the  work 
whieh  the  mi w  has  tu  do,  ur  extra  force  and  time 
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Fig.  as.  —  SlmrpeuinijiSaw  Ttfclk 


win  Ije  requh^ed  to  make  the  needletisly  wide 
cut  thnrngh  the  wtKxl, 

Swttged  teetii  are  thosts  in  whieli  the  fi^uit 
face  of  each  tofjfch  m  t» waged  or  jumped  up,  e^> 
broadening  it  suiTiciently  U.%  afford  the  necenaaiy 
clearance.  This  iii  an  alternative  to  the  setting 
of  teeth  to  right  and  left,  and  is  pi*actiaetl 
largely  in  America.  The  awaging  is  performed 
by  forcing  a  Imrdened  titeed  die  against  the 
tooth  face  suddenly,  the  die  being  oj.>en4ted  by 
a  l0%'er,  A  roller  is  s<.»mMiine3  pmph>ye!lj  roll- 
ing along  and  i^preading  out  the  metah 

Tlie  teeth  i^Mjhit^  of  a  saw  shouhl  uU  be  \\l 
similar  height^  and  this  is  ensim^d  liefoi-e  cnm- 
niencing  to  sharpen  by  running  u  flat  hie  sevf-ral 
time«  liown  the  saw  on  the  piint**,  thu^  ix*dueing 
any  that  stantl  above  the  r^t  To  shai^^n  the 
s<iWj  it  ifi  put  in  i\  vice»  t^?eth  upwai'ds,  and  thi' 
file  used  as  in  Fig,  tf^.  A  tile  of  tiiaijgulai^ 
eection  iits  thi*  t^^ctli  of  onlinury  iMrnch  8aw*6, 
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the  tei^th  of  %vhich  are  Univvn  in  Fig.  :fl,  a,  a 
The  file  lieds  dimii  cnnipletely  to  the  K>ttf»ui  ( 
the  tot>th  spaces*  atid  the  material   l^  reim^t*! 
chietly  fn>m  the  iMickn  of  the  tc'eth.     General/y 
two  or  three  stnjkes  of  the  file  an?  nc<?esiHUT  t-» 
bring  each  timth  point  to  a  ket* n  edge,  hut  tlir 
liling  mUHt  be  curried  p<jmdly  right  Ut  the  r>:4i 
of  the  teeth,   or  they   will  Wriime    sihalWiT 
Tlie  file  is  tOte<:h  »*»  tluit  the  tranhverne  aajslt*^ 
will  about  corre«jK>nd  with  the  dotted  liiie>  iu 
Fig-  2^.      [>iflerenec»s  in  raki*  of  teeth  ik  tuA 
require  any  dilTerence  in  tlie  file,  but  only  b  ^f 
amount  to  wluch  it  is  tilti?d,  for  the  >*fifteeH  ri 
this  class  of   teeth  always  form  an  anirli*  i^ 
60'-     The  t-eeth  not  l>eing  filed  ni^uarv  jwrnrv 
btit   to   alternating  angles,  result*  in  a  *en« 
of  acute  e<iges  and   ttJoth  points,  standing;  "Ul 
slightly  to  eacli  side  of  the  saw  when  thi*  Irt-tli 
ai^  set  or  bent  over  altentately  to  eack  hi<V» 
as    shown*      Fur    suft    wtHKi   (lje 
angleis  tdjould  be  moi-e  m*ute  tbm 
for  hank     The  teetli  are  dwir  m 
alt4L*rnaU'  onier  so  th«t  tbr^  lilro*ri 
lit"  lielil  at  one  angle  nil  thf  liiiwr 
ahmii:  one  set.     Tlie  l>ackH  of  ti»*? 
teeth  wliich  lean  nway  luv  fil«^*, 
mid  then  tla*  saw  is  turnt*d  rnun^^ 
in  the  vice  and  the  <ithcn>  d<itrf^ 
The  eye  and  liunrl  nh*w  are  rliR  '^ 
on  to  keep  the  angles  corw't  oahW^ 
uniform,   but   it   is   not   dithcult   to  follow  ilw^ 
existing    angles    on     the     leeth,      IWth    wilk 
gullete<i    itiot^   ai"e   genei^illy   sharfiennl   by  a 
machine,  but  when  filed  by  hand,  filen  of  mi 
able   sha]ie    are    I'ec^uired    for    di^pening   tk** 
guHets**     This    m  tn*l  nlwuyH  dum*   every  tiui»» 
the  points  iire  filed. 

Saw  Sharpening  Machines.^Tbeseki\t* 

Clonic  into  general  use  iti  recent  veant,  taking 
the  place  oi  band  sshmpening.  Tin*  rarliiu^ 
attemptti  dejdt  chietly  with  Iwmd  sawjk,  u^iDig  a 
file  automatically  lecipi^ocate*!  by  the  ntarltiii^ 
the  Niw  being  fed  forward  to  the  length  *ii  a 
ttN-»th  bt*tween  each  rcciprtKiatitin*  The  gulli'l- 
ing  machines  for  deepening  the  l<Joth  K|iibgi*ii  in 
circular  wiw:s  with  emerj'  wheel**  cajtit*  tntM 
use,  leaving  the  &^luir}>eniiig  still  to  be  ^lOtie  bv 
hiuui  At  present  emery  wherl»  arr  a^-Mil  fnr 
IjMintl  and  fram^  sjivv>^  and  for  }ilmr|it*ULiig  M 
well  a.^  gulhtting  cinmbrs.     Thi*  w^w  m  fUnl| 
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and  the  different  lievels  of  the  front  and  back 
of  its  teeth  are  imparted  by  the  movements  of 
the  emery  wheel  itself.  Not  only  is  the  work 
done  with  perfect  accuracy,  but  the  output  is 
several  times  greater  than  that  produced  by 
liand. 

A  fully  automatic  saw  shaiiH»ner  by  Friedrich 


different  saws.  The  wheel  a  has  its  spindle 
bearings  in  a  swivelling  frame,  b,  clamped  at 
any  required  angle  by  tightening  a  nut,  a.  A 
special  arrangement  of  pulleys  is  necessary  to 
accommodate  the  angular  movements  of  the 
spindle ;  the  self-contained  countershaft  c 
affords  two  speeds  to  a  pulley,  d,  on  a  shaft 


Fig.  'Jfi.    -Siiw  ShariK'iiiiig  Machiiu". 


Schmaltz  of  Offenbjich-on-Main,  is  sliown  in 
Fig.  26.  The  requirwl  automatic  movements 
•re  three  in  number  ;  one  of  ftM^ling,  to  carry 
each  tooth  along,  an  up-and-<lown  motion  of 
the  grinding  wheel,  and  a  Kwivellin;^  nuivement 
of  the  same,  to  impart  the  Ix^vel  to  the  teeth. 
All  these  must  be  capjible  of  variation  to  suit 


driving  a  smaller  pulley,  E.  The  latter  actuates 
another  belt  imssing  round  idlers  to  a  hmg 
vertical  drum,  f,  and  thence  another  lx*lt  conveys 
the  motion  to  a  pulley,  f;,  on  the  end  of  \\.  A 
belt  fitmi  this,  going  over  idlers,  turns  the  grind- 
ing spindle. 

Tlie    feeding    motion    is    derived    from    an 
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eccentric,  h,  on  the  shaft  of  d,  moving  a  lever 
which  rocks  a  horizontal  shaft  moving  the 
spacing  pawl  j ;  the  amount  of  movement  is 
adjustable  by  turning  a  screw,  6.  Another 
eccentric,  k,  operates  the  up-and-down  motion 
of  the  slide  b,  through  an  arrangement  of  pivoted 
levei^s  reciprocating  a  rod  attached  to  the  bottom 
of  B.  The  stroke  of  this  mfechanism  is  also 
adjustable  by  a  screw.  The  third,  or  swivelling 
motion  of  the  head  takes  place  through  an 
eccentric  l,  rocking  a  series  of 
levers  ending  in  one  sliding  on 
a  rod  at  the  back  of  B,  thus 
turning  the  wheel  partly  round,  ^==, 
and  then  back  again,  by  means  of  the  socket 
with  which  it  is  carried  in  b. 

Circular  saws  are  held  by  their  centre  holes 
upon  an  arbor  carried  in  a  slide,  m,  which  has 
a  lateral  adjustment  for  the  purpose  of  getting 
the  front  faces  of  the  teeth  properly  into  line 
with  the  wheel.  A  guide,  n,  is  set  to  lightly 
press  against  the  saw  blade  and  keep  it  in 
position  laterally,  m  is  adjustable  vertically  by 
a  screw  and  handle,  o,  to  accommodate  various 


lying  to  right  and  left,  at  U  suitable  distance  to 
keep  the  blade  taut.  Frame  saws  are  gripped 
by  each  end  in  a  couple  of  vice  jaws  formiiig 
part  of  a  frame  sliding  on  a  bar  below  the  wheel. 


Fig.  27.— .Saw  Tooth  Roof. 


The  action  of  the  wheel  in  grinding  teeth  is  such 
that  after  descending  into  the  root,  it  begins 
to  rise,  slightly  grinding  the  back  of  the  adjacent 
tooth,  then  rising  clear ;  the  saw  is  then  fed 
one  space,  and  the  wheel  coming  down  again, 
grinds  the  next  tooth  face,  and  so  on. 

Saw  Tooth    Roof.— An  old   design,  long 
used   in  weaving   sheds,    but  which   has  been 
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Fig.  28.— Saw  Tooth  Roof. 


diameters  of  saws,  and  there  is  a  radius  rod,  P, 
to  make  the  pawl  j  work  in  a  curve  of  the 
proper  radius.  The  exhaust  fan  q  sucks  the 
flying  dust  from  behind  the  saw,  through  a 
mouth  there,  down  and  out  into  a  water  tank, 
R.  The  fan  is  driven  by  a  belt  from  the  pulley 
s,  on  the  shaft  of  c. 

Band  saws  are  passed  through  a  flat  guide 
below  the  wheel,  and  are  supported  on  wheels 
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largely  adopted  in  recent  years  for  engineers' 
factories.  It  derives  its  name  from  its  dentated 
unsymmetric  form,  and  its  advantage  is  that 
while  giving  ample  light,  it  prevents  the  glare 
of  direct  sunlight  coming  into  the  shop,  the 
glazing  always  being  on  the  north  side  of  the 
roof.  It  is  necessary  to  lay  out  the  roofs 
approximately  due  east  and  west.  Hence  the 
saw    tooth    sometimes   runs   across   the   shops. 
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les  longitudmally.  The  design  is 
largely  in  American  shops.  Views  are 
'  roofs  in  section  in  Figs.  27  and  28. 
fold — Scaffolding^. — An  accumulation 
y  solidified  iron  in  a  cupola,  due  to  bad 
I  of  coke  and  iron.  The  iron  blocks  up 
>la,  and  interferes  with  the  free  melting, 
y  disable  the  furnace.  In  that  case  it 
be  chipped  out,  generally  with  much 
to    the    lining.       Sometimes    termed 

*.— iS^tt*  Boiler  Explosions. 

ing. — Removing  incrustation  fix)m  boiler 

)y  chipping  with  the  scaling  hammer, 

h  chisels.     It  must  be  done  with  great 

:  the  surfaces  of  plates,  and  rivet  heads 

lecome  nicked  and  indented. 

ing    Hammer. — A  chisel-ended   ham- 

«e  Hammers. 

tling. — Denotes    the   sectional   dimen- 

f   materials,    whether   timber,    iron,   or 

enging.    Scavenging   Charge. — A 

idopted  in  gas  engines  to  prevent  pre- 
when  gases  of  high  calorific  value, 
to  a  large  compression,  are  dealt  with. 
4ts  in  opening  the  air  valve  before  the 
valve  is  closed,  so  that  a  current  of  air 
through  the  cylinder  sweeps  out  the 
J  of  combustion  that  i*emain. 
ng  as  gas"  engines  wei*e  of  small  size, 
king  under  low  compression,  say  up  to 
the  scavenging  device  served  its  pur- 
Jut  it  has  no  place  in  the  larger  engines 
gh  compressions  now  made  to  utilise 
nace  and  producer  gases.  The  residual 
e  too  small  to  l>e  taken  account  of,  and 
ion  does  not  occur.  A  scavenging 
aent  would  add  much  to  the  expense 
e  modern  engine. 

Ic'S  Curve. — Also  termed  tlie  TrnctrU^ 
ory  curvf.  The  name  Scliiele  is  applied, 
[le  invented  an  instrument  for  describing 
is  an  antifriction  pivot,  designed  to 
•qual  wear  between  the  pivot  and  its 
ill  points.  An  oi-dimiry  conioal-ended 
38  not  wear  equally.  In  this  the  wear 
ith  the  product  of  the  pressure  into  the 
and  the  latter  varies  with  the  radius, 
iele  pivot  is  designed  so  that  the  wear 


vertically  will  be  alike  everywhere.  To  ensure 
this,  the  lengths  of  the  tangents  to  any  points 
of  the  curve  from  the  curve  to  the  axis  are 
alike.  This  shows  how  to  obtain  such  curves. 
Divide  (Fig.  29)  the  vertical  line  representing 
the  axis  into  any  number  of  equal  parts,  and 
draw  a  horizontal  at  one  end  at  right  angles. 
Set  off  a  point  equal  to  the  radius  of  the  pivot, 
and  draw  lines  from  each  point  of  division  to 
this  point.  These  represent  tangents.  Measure 
off  the  length  of  the  horizontal  on  every  line 
from  each  point  of  division,  and  draw  a  curve 


Fig.  29.— iSchiele's  Pivot. 

through  these  intersections,  giving  the  curve 
required. 

Though  this  is  a  theoretically  |>erfect  bearing 
it  is  seldom  made  in  practice,  because  being  too 
troublesome  to  fit.  A  close  approximation  is 
made  thereto  by  means  of  fiat  profiles,  which 
are  easily  tooled.  For  an  example,  see  Boring 
Mill. 

Scotch  Boiler. — The  ortiinary  cylindrical 
return-tube  boiler,  used  for  marine  service, 
which  displaced  the  rectangular  or  box  boiler 
when  pressures  began  to  exceed  25  lb.  and  30  lb. 
It  owes  its  value  to  its  greater  strength,  and  to 
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a  lessening  of  the  number  of  stays  re- 
(juirefl.  No  vertical  stays  are  want^, 
but  only  thoHe  for  the  flat  ends,  and  the 
Of iinbu st i on  el lambers 

The  boilers  are  divisible  into  two  main 
types  ;  the  j^tngie,  and  the  douhle^nded, 
signifying  those  which  ai*e  fired  from  one 
end  only^  or  from  both  endsi.  The  latter 
may  be  regai'ded  as  single  boilers,  set  back 
to  back*  The  difficulty  in  single-ended 
b(;ilerB  is?  to  get  suHicient  length  of  fjrate 
for  heating  surface*  Tlie  number  of  fur- 
niRies  is  limited,  just  as  in  Lancashire 
boilers.  They  range  from  one  to  four, 
three  being  a  usual  number,  Tlie  mini- 
luujii  furnaee  diameter  is  aliout  Mi  in.^ 
the  maximum  about  4S  in.  One  fumaoe 
may  be  wsed  in  shells  to  9  ft  diameter, 
two  to  13  ft,  6  in, J  thi*ee  to  15  ft. 

The  comhfiifdon  cfuimht'rii  ai'e  the  spaces 
beyond  the  furnaees  in  which  the  furnaces 
terminate,  and  which  are  extende*!  up 
wards  to  receive  the  ends  of  the  SMKike 
tubes,  which  return  thence  through  the 
water  space  to  the  smnke  box,  attach*?d  to 
the  fn:)nt  of  the  boiler.  Each  furnace 
usually  has  its  own  single  combustion 
chamber,  though  in  some  instances  a 
single  chamber  is  common  to  two  furnatsea^ 
The  objection  to  this  arrangement  is  that 
in  the  event  of  a  tube  bursting,  both 
furnace B  would  be  thrown  out  tif  service. 
An  advantage  is  that  stoking  in  the  two 
furnaces  can  be  done  alternately,  and  tJie 
steam  supply  well  regulated. 

Double-ende<l  l>oilers  may  have  a  coai- 
bustion  chamber  common  to  the  fun^aeea 
at  both  ends.  Or  all  the  furnaces  at  one 
end  may  have  their  own  common  com- 
bustion chamber,  separated  from  the  other 
by  a  water  space.  Or  ejich  furnace  may 
have  its  own  chaml>er.  Each  of  these 
ttesigns  is  connnon. 

Ora/  boilers  are  used  when  the  width 
available  is  limittxh  Their  section  is  that 
of  two  half  circles,  joined  Vjy  flat  sidea. 
They  are  made  both  single,  and  double 
ended. 

The  Scotch  boiler  involves  the  heaviest 
work  in  boiler  makingt  due  to  its  large 
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dimeiisiaiiB,  Pi'essurej*  now  often  cKcee^l  2<X)  lb. 
[:»er  sqiiam  in.,  involving  plates  \\  in.  thick. 
The  same  difficulties  have  been  met  with  and 
surmounted  in  the  f  urnacest  as  in  the  L(incashii*e 
type,  the  old  plain  tubes  liaving  lieeii  supei'seded 
by  short  length  Si  with  flanged  seams,  antl  by 
corrugated  and  ribbed  types,  *e^  Furnace 
Flues^  Tlte  employment  of  steel  in  plaee  of 
iron  haA  done  much  for  the  development  of  the 
8cot<-'h  boiler,  witliout  which  the  boilers  of  the 
pre*4ent  steam inji;  capacity  and  pressure  would 
not  have  been  pi^acti cable, 

A  lai'ge  Scotch  lioilpr  by  Mes^r's  Vickers, 
8ona,  Jt  Jlaadiu,  Ltd.,  is  shown  by  Fig,  30,  Its 
sheU  measures  13  ft  6  in,  diameter,  by  10  ft 
1  in,  long,  and  is  built  of  IJdn.  steel  plate* 
Tliere  ai^  thi^ee  fuinaces  of  Morison*s  suspen- 
sicm  type,  measuring  3  ft.  2  in,  inside  the 
corrugations.  In  these  large  boilers,  one  of  the 
great  Advantages  of  steel  over  iron  \%  appai^nt. 
Though  the  shell  i^  so  large,  it  is  built  of  two 
plates  only»  united  witb  liutt  straps.  The  end 
ptjites  are  a  ho  each  formed  in  two  pieces  only, 
an  i tad  with  seams,  the  ri^'eting  for  the>^  being 
ahown  at  hh^  in  the  end  views.  The  Ijoiler  is 
of  the  fmtback  type,  that  is,  the  combustion 
chamber  A,  at  the  I'ear  end  **f  the  furnaces  is 
barked  with  a  water  space,  n.  The  design 
alsij  is  that  in  wliich  each  furnace  has  its  own 
couibustit>n  ch*iinber,  as  indicated  in  the  front 
riew  to  the  right  and  left,  Tlie  water  apace 
surrounds  eticli  tMjuibutitiou  rhamber,  and  goes 
dt*wn  underneath  the  furnaces*  Manlioles 
shown  give  access  to  the  spaces  below  the 
furnaces,  and  thei^e  is  a  manhole  at  the  top 
ttlmve  the  stays.  The  large  end  plate  areas 
ah*»ve  the  combustion  chamljer  are  tied  together 
with  sixteen  bar  stays  a,  all  except  the  end 
ouf!^  Ijeing  2^  in,  in  diameter,  the  end  ones 
being  2i  in.  diameter*  They  are  nutteil  inside 
itnd  out.  The  npper  stayeil  plates  are  tliicker 
than  the  lower  plates,  which  receive  the  nuiner- 
oiiH  short  stays  and  stay  tuWs*  They  aix*  I  ^\  in* 
thick,  the  latter  lieing  |^  in*  at  back,  and  |  in, 
in  front*  Other  Imr  stays  conntn^t  the  lower 
plates  in  the  vicinity  of  the  furnaces,  seen  in 
the  view  to  the  left 

Tlie  shapes  of  the  combustion  ehainbers  can 
be  gathered  fii>m  a  eomparis<jn  of  the  longi- 
tiidiiiai   and   end   view^^      The   middle  one  is 


neiirly  rectangular  in  outline,  but  the  wing 
chambers  have  to  follow  on  the  outsides  nearly 
the  curve  of  the  shell.  The  water  space  is 
gi'CJiter  above  than  l>ehiw,  as  it  also  is  at  the 
back  end^  at  b,  to  permit  of  the  ready  dis- 
engagement of  the  bubbles  of  steaui.  The 
correct  fitting  of  these  involves  a  neat  bit  of 
templeting  and  flanging*  The  tulie  plate  and  the 
back  plate  l>  are  each  made  in  a  single  steel  plate, 
Hanged  inwards  to  i^eceive  the  wrapper  plate  b, 
i?imilarly  tx)  locomotive  fii^-boxes.  The  tube 
plate  is  \  I  in*  thick,  the  back  plate  j^^  in.  These 
plates  are  stayeti  so  closely  that  all  the  stresses 
are  Ixime  by  the  stays*  The  suspension  furnaces 
are  ttanged  outwards  at  the  back  end^  as  shtiwn 
at  c  and  (f,  and  riveted  to  the  tube  plates  there. 
At  the  fn)nt  end  the  front  plate  is  flanged  out^ 
wards  at  e  to  receive  the  parallel  end  of  the 
furnacen. 

The  stays  are  vital  pirts  of  a  boiler,  and 
tlie  parts  which  are  the  firHt  to  give  trouble 
by  leaking.  When  worked  under  unsuitable 
conditions  of  forced  draught,  the  jointer  of  the 
stay  tuljes  in  the  tube  plates  ai^  the  locations 
of  lejiks*  It  is  easy  to  see  how  vulnerable 
these  may  be  when  they  <>ccur  in  such  large 
numbers.  In  each  outer  nest  in  this  boiler 
there  are  127  tubes,  fitted  at  eaclj  i^nd  into 
back  and  front  plates.  In  the  middle  nest 
there  are  128  tubes,  A  large  proportion  of 
these  are  stay  tubes,  indicated  by  the  thick 
circles  in  the  end  view  to  the  left  All  the 
tubes  measure  2  J  in.  in  external  diameter,  and 
ai*e  of  lap' welded  wrought  iron.  The  plain 
tubes  are  of  9  I*W,G,,  the  stay  tulles  aie 
^^  in,  thick*  Tlie  plain  tubes  are  fitted  by 
expand ingj  the  st.ay  tnlies  are*  screw ed»  All 
ai'e  beadeil  cuvei'  at  the  back  tube  plate, 

Tlie  combustion  chamljers  are  stayed  to  the 
shell,  and  to  each  other,  with  numbei^  of  solid 
screwed  stays,  seen  in  each  view.  Some  ar© 
larger  than  othei's,  the  larger'  ones  being  I J  in. 
diameter*  All  othei"s  ai'e  1|  in.  diameter. 
Each  is  screwed  with  eight  threads  per  inch, 
and  fitted  with  a  nut  at  each  end.  They  are 
made  i>f  Staffordshire  cable  iron* 

The  crowns  of  the  combustion  furnaces  are 
staye*l  with  bridge  or  girder  stays  f,  secured 
with  sci-ews  G.  The  gi triers  are  each  built  of 
two  plates  I  in*   tlnck^  nveted  together  with 
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femiles  to  k^p  them  apart;.     Tlie  XmMn^  I J  in. 
diftmeter,   p&$s  clown   between,  and   the   nut^ 


Fig.  31  iUiistrate^  h  Heotc4i  lioilcr  tyTtokm 

Ltd.,  measuring,'  H  It,  6  in*  flmm»*ti^  by  It  f: 
long,  for  a  working  pre^smre  uf  140  lb.,  tli»?  t*>t 
pressure  being  !240  lb.     The  furnaces  ant  lonm^ 
in   plain   rings    united   with    Aclmristm   H 
seams,    and   ttre   redoeed    in    diameter  ■> 
combustion   chambers.      8cime   le^wJin^  din 
sions  are  given,     The  rivetfi  jtiT*  i  in.  diiirtu*ll 
and  the  holes  ai"e  drilled   to   {^5  i"*  diani* 
The    t|et*wl  ttt    A    shows    the   Hcr'aTigiTUf-nts  ■*! 
rivets  in  the  circular  antl  longitudinal  iscaa 
The  bmler  ends  are  ttange^l  t**  fit  within 
shell.     The  ends  ai-e  tied   topfether  with 
lou^    stay    bolt??,   «,    2j    in,    diameter,   d**al 
nutted  at  each  end,  and  by  eighteen  Riay  tub 
Thewe,   except    that   tlie}''   are  screwed  al 
enils   (not  indicat'ed),   fio   not  differ  fnim 

other   i^turn   tulie.H  Rhuwn.     Tlji 
are  9*J  tube^,  .1^  in.   diameteT,  1 
weltled,    and     pitchetl    at    \\ 
centre*!.     A  gttsHet  ^tay  is  umxI  iA 
at  the  [Tear  end^  l»elt»^'  and  li**twf 
the  funiace  flu 68. 

The  various  ftttingn  and  iiiou4 
ings   are- — the    deail    plate   a 
bridge   r,    with    the   firt*- liars 
t  ween ;  tlie  blow-ofl'  l»end  and  ro<:k  \ 
att^iched  like  all  the  other  mtMilij 
ingw  tfi  a  8tani|>ed  sterl  sI^kiI  ors 
ing  \  E  is  a  duplex  stafcty  valve,  ni 
valve  lieing  of  lock  ui>  desjign  ;    F  is  a  safi 
valve  by  J,  Hopkirison  k  Q^Kj  Ltd.,  whirh  t'O 
bineiH  high  st-eam  pre«>5ure  ami  Kiw  water  ala in 
i;  is  a  llopkinscin  junction  vah**  filt<Hi  \Aitlii 
I    expanxHion   h^pindlt*  U*  present  ri^k  of  l^enili 
or  breaking  ;  i!  is  an  ordinary  j unction ;  Jl 
the  top  nianholt*.  of  M*Nc*trs  pres*ie*d  i^leel 
sign ;  K  the  lxjtU»in  lUie,  heluvv  the  furnjwii?,j 
the  same  tyfK? ;  L  is  a  nnid  d'Mvr ;  ^^  an?  ' 
li>cationM  of  the  feetl  valves ;  X  sltowv  tli**  p< 
tion  cif  iine  of  the  smoke  liox  dooi'^^  the  j^in^ 
l>ox  not  l»eing  iudiratf^l. 

Fig.  32  illu>jti*ates  a  fcair  llutsl,  ningle^ncl 
wet-lmck  lioiler  by  Punsnmir  k  'lack^)!]* 
It  in  10  ft.  (i  in.  diameter,  hy  11   ft.  6  in,  \d 
It  is  rated  jit  IjXJi)  Lli.R  workni  und»-r  until 
drauiiht,  and  vvorkinjj;  under  Lloyd  8  »iit 
17**  I  Ik  prc'isurv.     The  following  an*  the 
be^r  on  washers  which  grip  the  edges  of  the     ing  (wirtieulars  of  tti  tmn^truiHion,  wdjdi 
ginlerw.  afford  a  gotnl    idea  uf   th*>   tmmeti^e 
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lassive  scantlings  of  a 
it  -  day  marine  boiler. 
>tal  weight  of  the  boiler 
working  is  77  tons  12 
>f  which  26  tonsl2cwt. 
J  to  the  water,  at  the 
ag  temperature.  The 
beating  surface  is  2,660 
le  grate  surface  is  74 J 
;  a  ratio  of — 
ating  surface  _  or.j^ 
rate  surface 

mating  surface  is  divided 
—four  furnaces  205  ft., 
^mbustion  chambers  390 
id  280  tubes  2,065  ft. 
are    543    cub.    ft.    of 

space. 

5  shell  plates  are  two 
mber  only,  united  with 
3     butt     straps.       The 

are  1/^  in.  thick,  the 

\^^  in.  diameter,  in  IJ- 
>les.  The  strength  of 
section  is  equal  to  87*5 
»nt.  of  the  solid  plate, 
vet  section  90  per  cent. 
Qner  butt  straps  are  \\ 
ick,  the  outer  ones  are 
I.  thick.  The  end  plates 
langed  inwaixis  within 
lell.    Tlie  back  end  plate 

two  portions,  l.fi.  in. 
above,  and  f|4  in.  l>elow, 
d  with  a  4A-in.  lap  joint 
en  in  the  view  to  the 
The  front  end  plate 
med  of  three  plates,  lap 
d,  the  tube  plate  and 
joint    being    cut    to    fit 

the  furnace  mouths,  as 
I  in  the  view  to  the  left. 
circular  flanged  seams 
each  two  i-ows  of  1  {\-\\\. 
,  in  1^-in.  holes.  The 
itage  of  plate  strength 
3  65  per  cent.,  that  of 
ivets  is  52i  per  cent. 
Dies  are  of  course  drillwl 
ce. 
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The  four  furnaces  are  of  Morison's  suspension      plate,    facing    the    shell,    stayed    with     l|-in. 
type,   the   steel    being    \    in.    thick,   and   the     screwed  steel  stays ;  and   ^  in.  thick  for  the 


I 

o 


I 


internal  diameter  3  ft.  4 J  in.     Their  method  of  tube  plates.     The    roofs   of   the   chambers  are 

attachment,  and  the  grate  fittings  are  clearly  stayed  with  bridge  stays  of  double  iron  plates, 

shown.     The  combustion  chambers  are  of  J-in.  with  bolts  passing  between. 
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TUei-^  are  2^0  in>n  tiiljes  in  all,  Histributed 
among  the  four  eotnbusitioTi  o1mm1>crs,  and 
tm  versing  a  length  of  7  ft.  6  in.  I  jet  ween  the 
tube  plates.  Of  these,  192  are  plain  tubes,  3 J 
til.  external  dtAmeter,  and  No.  8  W.6. ;  68  are 
!$tay  tubesi  abown  in  thii^k  eirclesj  3  j  in.  external 
diameter^  by  /^  in,  thick  ;  and  20  stay  Hi  lies 
^itUHled  at  the  curnei'M  of  the  chandlers  are  t*f 
t  he  isame  diameter,  but  U  in.  thick,  live  re  are 
a  fiuuj1>t.^r  I  if  soliil  steel  bar  stays  connecting  the 
enfl  plat-es,  liotb  in  the  st^^arn  and  w/iter  ?ipat.«. 
The  fi  inner,  eighteen  in  nuiiibei%  are  2  J  in* 
diameter,  sicrewed  with  eight  threads  per  inch, 
itnd  diiuble  nutted.  Each  stay  ha^i  a  net  area 
tif  5"2tt8  S4J.  in,  Thofje  in  tlie  water  .^paee  below 
the  furnaces  are  2 J  in,  diameter^  ami  the  net 
area  after  screwing  is  3*4.17  "sq.  in.  There  are 
four  manboles,  three  at  the  Imck  of  the  l^nler 
below  the  furnaeea,  and  one  on  top.  Two  of 
these  boiler?^  were  made  to  the  onler  of  a  Liver- 
fHiol  firm. 

Fig,  33  shows  a  double  ended  b«iiler  by  Me-RJsra 
I  *ansniuir  *\r  Jackstnij  Ltd.  It  is  of  that  type  in 
which  a  single  combustion  chamber  is  common 
lo  tw^o  furnaces  at  opposite  ends.  Home  of  the 
leading  particulars  ai^  as  follows  : — 

The  working  pressure  is  190  lb.  per  s^q,  in. 
The  tot*il  heating  surface  is  3,754  sq.  ft.,  tlie  six 
fa  maces  provide  276  ft.,  the  thi"^  combustion 
chambers  250  ft.,  the  tubes,  556  in  numljer, 
3,22*H  ft,     Tlie  grate  surf^ice  equals  1 15  ft.     The 

=  32*6,  Tlie  stearni  space 


^-    .     heatinif  surface 
ratio  is:  -         ^ 


grate  surface 
iHjuals  066  cub.  ft.  The  diameter  is  15  ft.,  the 
length  17  ft,  Tlie  shell  i^  built  np  of  six  plates. 
Treble  riveted  lap  Joints  form  the  inner  circu- 
lar s^ttms,  the  longitudinal  seams^  double-butt 
strapperi»  have  to  break  joint  as  indicated  in  the 
diagi-ams  at  the  top  left-hand  corner.  The  shell 
plates  wre  ll^i  in.  thick,  the  rivets  I  ^ V  ^"'  <lia- 
meter,  the  holes  I }  in.  The  riveting  is  sliown 
in  detAtl  at  the  t*>p  right-hand  corner.  The 
strength  of  the  net  plate  siection  is  t^\lb  p€*r 
t*ent.,  that  of  the  rivet  section  ?^7'4  per  cent.,  by 
the  Board  of  Trade  rule,  or  90^5  per  cent  by 
IJayd^s  rule.  Tlie  inner  butt  straps  are  1  \\  in. 
tliick.  the  outer  ones  are  IJ  in,  thick.  The 
circular  scnms  are  double  riveted  to  tlie  end 
plates,  treble  ri%'eted  in  the  inner  seams,  Thei'e 
are  slight  differences   in   these,  but  the  rivets 


are  all  1|  in.  diameter,  and  the  strength  of  the 
plate  section  is  fi^oni  about  63  to  68  per  cent., 
and  that  of  the  I'lvets  from  almut  50  to  65  per 
cent.     All  holers  are  drilled  in  place. 

Of  the  tubes,  556  in  number  ;  388  are  ptaij:if 
3 1  in.  external  diameter^  by  7  W,G. ;  H4  a  to 
stay  tubes  of  the  same  diameter,  and  ^  in*  thick  ; 
an<l  24  fitting  in  tlie  comers  of  the  chambers 
are  y^^  in.  thick.  The  stay  bolts  which  pass  from 
end  tt:>  end  are  2^  in,  diameter  abtive,  and  2|  in. 
below.  The  furnaces,  bridge  stays,  and  other 
details,  are  similar  to  those  in  the  piT^ious 
example. 

Scotch  Pig, — A  grey  open  pig  iron  \iv\.^ 
duced  in  the  Clyde  district  of  Scotland,  It 
in  cinders  several  lirands. 

Scotch  Tuyere.^One  in  which  the  air 
jm^age  is  surn»unde<l  witb^  and  kept  c<>ol  hy  a 
coil  i>f  water  |tij>es. 

Scrap  Iron. — This  is  a  very  iinpt>rtant 
element  in  m^tal  mixing  for  foundry  work. 
Unless  a  firm  is  prepai^d  to  rely  on  pig  nf 
special  grades  to  mix  fix>m,  the  use  of  scrap  is 
essential  and  economical.  Tt  has  the  advantage 
of  having  l>een  i^emeltetl  once  or  inoix%  anti  may 
often  be  purchased  che^iply.  There  are  also  the 
wasters,  the  runnel's,  and  risers ^  and  the  lirokcn 
and  worn  |mrt*,  and  to<>h  made  for  tempi n-ary 
lervice  and  discarded,  which  accumulate  in  all 
shops,  and  must  be  melted  up.  Sci'ap  tx^curs  in 
all  grades  from  the  poorest  to  the  Iw^st^  tliat 
from  heavy  machines  ranking  high  in  \'alue. 
The  cjuality  of  sicrap  is  estimated  by  the  inspect 
of  itjs  clean  fractured  surfacea,and  an  experienced 
furnaceman,  *»r  metal  mixer,  or  foreman  is  able 
to  Judge  with  unci^ring  accuracy  of  the  >'alue  of 
scrap,  and  the  most  suitable  proportions  in 
which  it  may  l>e  mixed  wnth  certain  brands  of 
pig.  If  uniformitv  of  quality  is  cetpiii'*»d  to 
conform  to  specitications,  or  for  s^imilar  work 
done  day  after  day,  then  test  bars  arc  iMiured 
and  tested.  When  time  and  space  pernnt,  it  is 
w^ell  to  make  a  n>ugh  sej>a ration  of  the  scrap  in 
a  >*ard  according  to  quality  to  lessen  the  work 
of  subsequent  stjrting.  Thus  the  light  and 
heavy  sciup  will  be  sepaiiLt€*d,  the  grey  from 
the  mottleil^  and  these  fi"om  the  white  c^r  the 
chilleti  irons,  and  from  the  inferior  or  burnt  iron. 

By  light  sci^p  is  meant  that  which  thies  not 
exceed  1  in.  or  I|  in.  in  thickness.     It  includes 
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the  fm^nings  of  old  sewing  mucliineSj  i»f  slxjves, 
water  and  gas  pii>e&f  and  of  t^mall  mechanisms 
and  parts  of  ni^clumiams  geiii^rally-  It  ifi  soft 
and  gi^y»  tiie  t^arln^n  Wing  wholly  gi'aphitif. 
It  melts  liarder^  and  so  inrreaseti  the  stren^li 
of  gi'ey  pig.  Oue-third  fir  one-frmrth  of  such 
BL'rap  may  be  added  to  the  pig,  its  effect  being 
to  contml  or  uiwlify  the  quality  of  the  latter* 
It  yields  eimiparatively  little  slag- 

Hea^y  iimchinery  scrap  couiprLsefi  large 
machine  ft^aniitigs^  gear  svht^els,  lieiis  and  lia.se 
plates,  pumps  ami  engine  work,  and  that  uf 
kimlred  character.  It  is  more  or  less  mottled. 
The  earlxji)  is  partly  graphitic  and  partly  cimi- 
bined»  atifl  thej'e  i^  lews  silicon  present  than  in 
light  ?^rrap.  It  is  suitable  for  hea^^  castingj^, 
ami  uiay  l>e  uwed  almost  entirely,  or  miKed  w  itli 
half  its  amotmt  of  pig. 

There  is  a  large  quantity  of  burnt  irim  in 
«onie  shopH*  seriip,  tts  old  annealing  pots,  furrvace 
grates  and  bars,  fiiundry  st<ive  plates,  and  other 
midij  and  ends  which  have  been  subject  t**  the 
long  continued  action  of  heat.  It  ytelds  an 
excessive  aiufiunt  i>f  slag  in  niclting,  and  is  of 
httle  use  excepting  in  small  admixtures  with 
metJil  for  inferior  castings,  such  as  fire-bai"«* 
It  melts  white. 

Ill  a  scrap  heap  tbei'e  is  generally  a  consider* 
ab!e  prof )f >rt i»  »n  of  f oi-eign  material,  1 1  comprises 
wniught  imn  and  steel  in  the  form  of  shafts, 
plate,  btjlt^,  rivet*,  and  f<a*gings,  malleable  C4ist- 
iix>n  work,  galvanised  iron,  ttc.  All  tliese  must 
l>e  picket!  **ut  antl  tht*own  a^side. 

Very  heavy  masses  of  scrap  cannot  \m  bi'^tken 
with  the  sletlge  banrmer*  like  those  of  oitlinary 
dimensiuiis,  Ftu*  these,  thei^efore,  a  Ijall  of  from 
%  cwt,  U^  1  ewt.  is  employed,  droj*ped  frrun  a 
crane  liy  loosening  a  trigger.  Hornetimes  lioles 
ai'e  drilled  «nd  steel  wedges  inserted  and  driven 
in,  s<>  splitting  up  the  mass.  Or  the  large 
lumps  an*  melted  in  the  largest  cu|?4ila,  or  on 
t  hr  b  ca  It  h  of  a  te  \  e  r  l>erato  ry  f u  r nace. 

Scratch  Brush.  -The  wire  brush  uscmI  hy 
fettlern  for  bruslung  the  sand  off  castings. 
Also  a  circular  wire  bnisii  revolved  at  a  high 
spi^eih  and  used  in  opeiations  previous  to  polish- 
ing, platingi  il^c* 

Screw* — ^I'be  Kcrew  is  one  of  the  me^diainciil 
|Kjwt'rx.  Its  ivhition  to  the  incline<l  piano  is 
aeen  by  cutting  riut  a  piece  of  juiper  in  the 
14 


shape  of  a  righi-angled  triaiigla^  and  wiadtoi 
this  round  a  cylindrical  rod.     Tlie  hTp^^J^*^ 

then  forms  the  spiral  ncrew  thread  <jr  helix,  tb* 
Hlo|>e  of  which  is  equal  to  tlie  angle  in  tir 
triangle  opposite  the  pei"|iendicidar. 

Considered  a^  a  inachine,  tht*  fticn*w  ^itfL* 
in  a  com  pan  it  m  screw  or  nut,  having  a  xtvt^ 
round  it  fittLng  the  projet*ting  thread  of  tht 
screw.  The  nut  or  the  ^Tew  nuiy  \m  fw* 
to  move  axially,  but  not  to  i^titAle,  ^  tbl 
one  or  the  other  has  a  rotatory  motion,  l«l 
cannc^t  move  in  the  direction  of  its  axi'*.  F*itTf 
is  therefore  never  applied  to  a  screw  in  tl» 
chi-ection  of  its  axis ;  it  i8  made  to  rrnibt 
by  applying  a  force  at  the  end  of  a  long  ara 
projecting  ut  right  angles  to  the  axift  of  tbf 
cylinder.  As  in  the  ortlinary  screw  preis^  tlii* 
arm  generally  projects  in  both  dirbctions  m 
that  wdiile  one  is  pulletl  the  other  ih  pu*licri, 
Kvery  time  the  arui  makeba  complete  revolulktfi 
the  SC1VW  moves  thniugh  a  distance  tnpial  V» 
the  sjiat^'  between  two  consecutive*  threads^  uml 
iu  this  way  weights  are  lifted,  as  in  tlif*  ™^ 
of  the  screw  jack,  or  resistance  overcome,  otoi 
a  pi^ss. 

In  considering  the  mechanical  ad^anta^'  ^i 
the  8crew»  it  is  neceBsary,  a*,  in  the  ca^e  uf  ih«* 
other  mechanical  powers.  It"  supjM»e  cnhnr 
alienee  of  friction — -a  fictitif>us  conditi^^m.  I/t 
P  repi'e-seiit  the  power  (or  the  «um  of  tht*  f^rw* 
at  the  end  of  a  lever) ;  6,  the  lengtl*  of  die  mtw 
from  the  point  at  wbit4i  |HJwer  is  uppliffl  l'> 
the  axis  of  the  screw  ;  W,  the  resist ant^s  ACfl 
p^  the  pitch  of  the  actt*w.  In  one  revolubJO 
P  acts  through  a  distance  eipial  to  the  circim 
feri*nce  of  a  ciirle  who8e  ratlins  is  h^  that  in,  *r^, 
and  the  work  fjone  by  the  powH*r  in  one  rfvolo 
tion  ii  P  X  27r/j.  In  the  same  tiuje  tht*  ♦cH'* 
has  nuuved  a  diatanee  e(|ua]  t^o  the  pitcii  /?i  »U" 
h*V4,  tberefoiVf  tlone  work  etpinl  to  W  Kjf^  Kv 
the  prificiple  of   wurk,  W//  =  Px2ir/^  atiil  tli*^ 


meehanicat   advantage   ia    thus 


V 


work  at  a    nu'chanical  ud vantagi*        iua«t  t^ 

grf*ater  than  unity,  anil  tberefort?  tht*  lei*  tl*^ 
pitch  uf  the  siMtrw  and  the  greal*?r  the  rudito  rf 
ttie  arui  i>r  lever,  the  nvmy  advantiig**»«u^  i»  ^ 
screw.  Under  heavy  loail'*  the  fncttoti  i*  ><*y 
conMitjerable, 


PRACTICAL    ENGINEERING. 


Scr 


Fly    Press,    Jack,    Piles,    Screw 
ng,  Ac. 

gincUion  of  Screws. — All  screws  which  are 
today  are  copies  of  pre-existing  ones.  The 
engineers  were  compelled  to  originate  their 
jcrews  before  they  could  begin  to  take 
.  There  were  two  methods  of  doing  this — 
igineers'  method,  as  used  by  Maudslay  and 

others,  and  that  of  the  astronomical 
ment  makers,  as  employed  by  Ramsden. 

is  no  similarity  between  the  two,  unless  it 
it  the  inclined  plane  formed  the  basis  of 
but  the  methods  of  its  application  bore  no 
blance  to  each  other. 
J   methods   employed   by   engineers    were 

upon  the  fact  that  an  inclined  plane 
1  arounfi  a  cylinder  develops  a  screw.  It 
cresting  to  know  that  this  method  of 
ating  was  described  by  Pappus,  a  Greek 
»matician  of  the  fourth  century.     It   was 

use  of  by  Antony  Robinson  late  in  the 
::eenth  century  at  the  Soho  AVorks,  Bir- 
lam,  and  by  this  means  he  cut  a  triple- 
led  screw  6  in.  diameter  and  7  ft.  long,  of 
3  section.  Paper  was  cut  to  encircle  the 
.  Upon  it  a  number  of  parallel  oblique 
vere  marked  representing  the  inclination 
5  screw  threads  corresponding  with  their 
This  being  cemented  round,  a  number 
J  centre  punch  marks  were  popped  round 
5  lines.  The  paper  was  then  removed  and 
)ps  connected  with  a  fine  line  made  with  a 
The  thread  spaces  were  then  cut  with  a 
and  file  as  accurately  as  practicable.    Then 

was  cast  around  the  screw,  retained  with- 
cast-iron  box,  the  box  l^eing  fixed.  To 
ox,  cutters  were  attached,  and  the.se  were 
:o  correct  and  finish  the  thread,  the  screw 

traversed  through  the  nut,  and  past  the 
■8  by  hand.  At  Soho  P^oundry,  Birming- 
there  were  recently  square-threaded  screws, 
threads  to  the  inch,    10  or   12  ft.    long, 

had  been  cut  with  hammer  and  chisel, 
nously  such  a  method  is  incapable  of  pro- 
5  even  an  approximately  true  screw,  and  the 
screws  of  our  mcxlern  lathes  would  appear 
t  by  comparison  therewith.  And  as  the 
refined  methods  of  the  astronomical  instru- 

makers  have  not  been  applied  to  the 
jers'  screws,  it  is  evident  that  the  modern 


screws  have  been  derived  fix)m  such  rude 
originals.  This  applies  not  only  to  long  screws, 
but  to  short  taps  and  to  dies  and  internal 
threads  of  nuts.  Little  conception  can  be 
formed  by  us  of  the  time  and  tedious  labours 
spent  by  the  early  mechanicians  on  the  correc- 
tions of  original  screws.  As  a  perfect  screw, 
using  the  term  in  its  workshop  sense,  could  not 
be  originated,  and  as  a  perfect  screw  was  essen- 
tial to  the  production  of  all  other  sci*ews,  includ- 
ing taps,  and  dies,  an  infinite  amount  of  labour 
was  for  many  years  devoted  to  this  task.  The 
correctional  methods  varied,  but  they  consisted 
mainly  in  producing  dies  upon  original  sci'ews 
and  using  them  to  cut  new  screws,  by  which 
the  errors  present  in  the  first  would  be  partly 
i-educed. 

Ilamsden^s  method  of  cutting  an  original 
screw  was  by  means  of  a  screw  and  tangent 
wheel,  which  moved  the  cutter  along  synchron- 
ously with  the  revolution  of  the  screw  blank. 
But  this  was  only  suitable  for  short  screws. 
Another  meth(xi  of  originating  short  screws 
only,  was  by  means  of  an  inclined  plane,  the 
tool  slide  being  pulled  over  against  the  inclined 
plane  while  the  latter  was  drawn  along  in  a 
direction  transversely  to  the  tool  slide.  Another 
still  in  use  is  by  means  of  a  chasing  tool,  the 
edge  of  which  is  serrated  ti>  a  counterpart  of 
the  screw  threads,  the  tool  cutting  correctly 
by  virtue  of  the  angle  of  rake,  or  lead  given  to 
the  serrations.  Short  screws,  both  external 
and  internal,  are  commonly  struck,  and  cut  by 
means  of  these  tools,  and  screws  already  cut 
by  other  means,  are  ease<l,  or  smoothed  and 
polished  by  the  same  tools.  These  ai-e  not 
suitable  for  originating  screws  of  over  2  in. 
or  3  in.  in  length.  Holzapflfel  states  that 
Maudslay  employed  a  cutter  fixed  in  a  bl<K.*k  t<» 
slide  along  a  triangular-l^ar  lathe  which,  from 
the  description,  would  seem  to  have  been  a 
chaser  having  a  single  cutting  e<lge  only.  It 
was  hollowed  to  fit  the  cylinder,  and  fixed  at 
the  required  angle  in  the  block,  and  it  is 
stated  that  some  hundre<ls  of  screws  were  thus 
made,  and  their  agreement  with  one  another 
was  in  many  instances  quite  remarkable.  On 
the  whole  he  gave  the  preference  to  this  method 
of  originating  screws.  To  Maudslay,  even 
more,    perhaps,    than    to    Sir    Joseph    AVhit- 

45 


Scr 


THE  ENCYCLOPMDIA    OF 


worUij  wc  lire  indebted  for  iHir  rtimieiu  screw 
threads. 

Til  tht*  pftiductkin  *tf  u  inastei*  screw  ulmoBt 
infill it-e  paiuii  liuve  Ikh^ii  biken  to  effect  niiiiute 
coi'i"<?etioii«  dui*ing  the  peritM.1  of  cutting  tlie 
sci'ew»,  or  ill  tbt*  cutting  of  succeHSive  screwy, 
em:h  one  more  ftccuimt'e  than  its  predecefefior. 
HuL'h  riM?tlnxlH  are^  of  courtie^  qyite  inmlmissible 
ill  cogirieei'H"  woi*k,  j'et  the)^  h»ive  altoixled 
lertsonij  by  which  engineers  have  benefited,  and 
the  iietniT'ate  nntl  mpid  ficrew  product  ion  of 
to  day  i^  ii  heritnge  fnmi  thf  liilH>iirs  ijf  in?iny 
skilful  ruechanieians  in  tiie  past. 
Screw  Area  —  *fe  Screw  Propeller 
Screw  Barrel— ^'^W-  Crane  Drums. 


fricttou.  o  sbowj^  a  tsection  through  a  ti^M^ 
and  it6  stand,  while  i>  iJlu&t rates  th^  fmiinin 
method  of  driving  the  sshttft  by  niitn.*  g< 
bel  t  p  u  Hey  *  An  i  n  t  en  i  \  ed  itit  e  ix*(i  ring  to  %\ 
the  shaft  is  shown  at  K,  It  i^  dost- proof,  to  |tf- 
vent  damage  from  the  nmt^^rinl  b**ing  comemi 
Shafts  aiie  united  in  variouB  way**  with  eoupHii^v 
twf»  of  which  are  illustrnteil  at  \\  i\n^\  »„  Tl» 
first  is  a  half  hip,  the  SiH-*tjnd  a  tenontHl  jtanL 

Screw  Cutting. ^The  formation  of  ««■ 
thrt^iiiis  by  \\  purely  cutting  acti'^in,  a*  tli^ 
tiuguished  from  their  prtNl action  by  «iiD}ilf 
pressiure,  as  in  Thread  Rolling^. 

Tlie  methmls  of  screw  cutting  ineludr  tbil 
done  in  the  eonitaon  aertrw-inittinf;  lat)i«%  mtiid 


Fig,  34«— i^crow  Citjji 


Screw  Bolt  -  ^  ^  Bolt 

Screw  Conveyors,  or  Spiral  Conveyors, 
— The  ouiploytivent  of  a  t>crew  or  spiral  topixijjel 
muterijils  along  witliin  a  tul>e  or  trough  is  very 
eointU4«n,  where  sucli  tiuit^rial^  as  ashes,  amall 
c<n4h  earth,  flt^ur.  pho&fdi»te&,  sand^  ami  any- 
thing surtirienUv  .sinall  haw  tr*  be  transpi>rted. 
The  -seit?w  oarrii^  tlic  stutV  ahnig  in  a  ctintiniious 
manner^  lo  lie  dropitotl  at  the  end  of  the  Innjgh* 
or  at  intennodiato&poutaor  gates.  The  tn>itghs 
a IV  Mf  %viKMi,  lintnl  with  jih<H«t  steel,  or  (if  ca*it 
irtin,  or  entin*iv  of  stt»el.  Tlje  SipiraU  or  llights 
*re  »ecui*ed  to  solid  <»r  hollow  .^haft^  by  plates  or 
hraeketN  Fig.  'I  L  a.  The  llightis  lit4ng  of  thin 
»iin4  plalt%  B.  iiffer  little  retiibtanee  lo  tiriviiig, 
and  |ir*«]>el  the  laaterial  with  a  mtnimum  i*f 
if. 


is  the  Mibject  of  the  pi-e.sent  articl«*,  AW-l** 
uiean^  of  ehasem  in  die  heaibs  as  xtx  Sciewing 

Machines  By  Dies,  inivl  Taps  opetmted  k^ 
haod,  Mr  in  Automatic  Screw  MaeliiiM. 
by  ehaser^  held  in  tlie  hand,  iir  ofiefiileci  tn  lt>* 
Chasing  Lathe,  or  by  Hi    '    '     ^      jin 

A>.  a  ^cre\\    i>  es!>tniti«.  i 

W4iunii  rumid  a  cylinder.  t*a  mutnegoMb  •'^ 
neee8*iary  for  proilucing  it  in  •  bAe— *!* 
rotatiiin  »*f  the  <'vUnilci%  and  tin*  tirnvKfteUlfc* 


cutting  tfxiL     The«*  two  t» 
pit»ciM*  n^  hit  ions  fur  any 


%'ary    with   all   \ariattim»   in    tbL«   *:ti?»*  <^** 

The  pt*rio<I  «»f  rt*tatioii  of  tV    ^^^      •  -^' 

coincide  exactly  with  thr 

ubieh  cHirrei«|)«>tids  with  the  ^tltii  tii  &W 
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cut.  This  is  eflfected  for  hundreds  of 
le  variations  in  pitch  either  by  retarding, 
elerating  the  rotation  of  the  guide  screw, 

feeds  the  tool  longitudinally  in  its  rest. 
J  pitch  of  the  guide  screw  is  unalterable, 
nations  are  produced  through  the  medium 
change  wheels,  for  a  description  of  which 

lange  Gears. 

re  is  no  mystery  about  the  arrangeiiient 
se  gears,  though  the  number  of  rules  given 
es  confusing.  The  basic  fact*  to  be 
tted  to  memory  are  those  of  ratios.  The 
nental  rule  which  covers  all  cases  is — The 
}/  the  (juide  screiv  is  to  that  of  the  screw  to 
,  as  the  number  of  teeth  on  the  mandrel 
is  to  that  of  the  number  of  teeth  on  the 
screw  wheel. 

.s,  say  the  lead  screw  has  two  threads  per 
md  a  screw  of  six  threads  to  the  inch  has 

cut,  then  "  =  3,  and  3  must  be  the  ratio 

an  the  wheels.  Say  a  20-toothed  wheel 
the  mandrel,  then  20  x  3  =  60,  the  wheel 
ed  on  the  lead  screw.  Suppose  that  the 
to  be  cut  is  of  1  in.  pitch,  then  the  ratio 

2,  and  with,  say,  a  40-toothed  wheel  on 

Gindrel,  one  of  20  teeth  only  would  go  on 
ad  screw.  In  the  first  case,  the  rate  of 
>n  of  the  screw  to  be  cut  is  accflerated 
y  three  times  faster  than  that  of  the  lead 

and  the  thread  is  Jiner.  In  the  second 
he  rate  of  rotation  of  the  screw  to  be  cut 
rded  to  half  the  rate  of  that  of  the  lead 

and  the  thread  is  coarser.  Therefore  it 
s,  if  in  doubt  where  to  place  the  larger 
mailer  wheels,  that  when  the  thread  to 
;  is  of  finer  pitch  than  that  of  the  lead 

the  smaller  change  wheel  must  go  on  the 
re/,  and  the  larger  on  the  guide  screw. 
hen  the  thread  to  be  cut  is  of  coarser  pitch 
,hat  of  the  lead  screw,  the  larger  change 

must  go  on  the  mandrel,  and  the  smaller 
;  lead  screw.  These  are  the  rules  which 
5e  committed  to  memory.     All  othei*s  have 

with  alternative  methtnls,  and  with  the 
que  of  the  various  conditions  which  arise, 
ave  to  be  dealt  with  in  scivw  cutting. 
iple,  and  Compound  Trains. — The  differ- 
letween  simple  and  coini>ound  trains  arises, 
irst   are  suitable   for   threads   as  fine   as 


about  twelve  to  the  inch.  But  for  finer  threads, 
and  also  for  very  coarse  threads,  two  wheels  are 
not  sufficient  to  give  the  ratio  required,  the 
extremes  in  a  set  being  only  20  and  120,  or  6 
to  1.  The  centres  of  mandrel  and  lead  screw 
being  fixed  do  not  permit  the  inclusion  of  very 
large  wheels,  even  with  the  accommodation 
afforded  by  the  swing  plate.  The  compound 
train,  which  may  include  two,  four,  six,  or  more 
pail's  of  gears,  solves  the  difficulty. 

In  the  compound  train  the  calculation  is 
similar,  with  the  difference  that  instead  of 
taking  single  wheels,  the  products  of  all  the 
drivers,  and  the  products  of  all  the  driven  are 
taken,  and  then  ti-eated  just  as  though  they 
were  single  wheels.  Thus,  if  the  drivers  were 
60  and  80,  and  the  driven  30  and  20,  the  ratio 

would  be  -Jl  I  Jl  -  -^-  =  8,  giving  the  relation 

8  between  the  guide  screw  and  the  screw  to 
be  cut. 

To  obtain  the  numbers  of  teeth  in  the  change 
wheels  from  the  ratio,  fix  on  one  wheel  arbi- 
trarily, and  divide  it  by  the  ratio  to  obtain  the 

other.  Thus  in  the  ratio  3  =  3,  the  following 
would  be  correct:    ^^^^'^  =  20  teeth,  ^^  =  30 

teeth,  ^^  =  40.     Or,  conversely,  multiply  20  x  3 

=  60,  30x3  =  90,  40x3=120. 

Or  a  Rule  of  Three  sum  can  be  made.  Say  a 
20-toothed  wheel  is  selected  for  the  spindle,  and 
the  other  wheel  is  wanted  to  cut  a  thread  of 
eight  to  the  inch,  with  a  guide  screw  of  2  pitch. 
Then  2  :  8  : :  20  :  80,  showing  that  an  80-toothed 
wheel  is  required  on  the  guide  screw. 

It  is  usual  to  obtain  the  wheels  for  changes 
by  a  process  of  adding  ciphers  to  the  numbers 
which  represent  the  pitches  of  the  lead  screw 
and  screw  to  be  cut,  following  the  custom  of 
denoting  a  pitch  by  the  immber  of  threads  per 
inch,  as  two  threads  =  2  pitch,  four  threads  =  4 
pitch,  and  so  on.  So  that,  taking  a  lead  screw 
of  two  threads  pt»r  inch,  and  a  screw  to  be  cut  of 

eight  threads  per  inch,  tlie  fraction  "  becomes 

-     for    the    wheels,    a    device    which    can    l>e 

evidently  made  to  effect  many  changes,  all 
having  the  same  ratio,  and  which,  away  from 
the  simpler  pitches,  bec*omes  very  useful  in  the 
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simplification  of  calculating  change  gears.  For 
instance,  the  following  have  the'  same  ratio  as 

^,  and  they  utilise  the  change  wheels  in  a  set, 

80'  IOC  f^ '  *^^  ^^  ^^  ^*^*'^^  ^^^^  ^^^^  *  larger 
number  could  be  selected.  It  is  especially  useful 
in  compound  gears  where  two  or  more  sets  of 
wheels  admit  of  variation  individually,  so  long 
as  the  ratio  is  maintained. 

A  compound  train  is  conveniently  broken  up 

as  follows: — 

IT      •  A-  *24  threads  per  inch  to  be  cut 

Having  a  ratio,  say,  .^      ..  .     r      •  j 

o  '      -^ '   2  pitch  of  guide  screw 

The  sequence  may  be  taken  thus — 

24     6x4_60x40 

2^2x1     20x10* 

But  a  10-toothed  wheel  is  not  in  a  set,  so — 

120  80  120 

^(^x40  ,,^60x^f^  or^^i^ 

20  X  \^        20  X  \^        20  X  5.f^* 

20  20  30 

The  ratio  12  being  retained  in  all. 

Pitches  involving  fractions  must  be  reduced 
to  whole  numbers  by  multiplying  by  the  deno- 
minator of  the  fraction.  Or  the  number  can 
be  treated  decimally.  For  instance,  a  pitch  of 
6^  threads  per  inch  can  be  set  down  as  13,  or 
as  6*5;  one  of  6^  threads  as  25,  or  6*25,  and  the 
equations  carried  out  to  maintain  the  proper 
ratio.  Thus,  to  cut  6 J  thi'eads  per  inch,  with  a 
lead  screw  of  2  to  the  inch,  the  equation  would 

stand  jx2=  J,  a  ratio  of  13  to  4.  Wheels 
may  be  deduced  thus :  r  =  ttt  ~  'io'  ^^"^'^^  wheels 
65  and  20  will  cut  the  thread.  Or  taking 
64  =  -'J--  X  4  =  -^^^^,  giving  a  ratio  of  25  to  8— 

100 
2.1      5  X  5      ."K)  X  50      I       ,  .      , 

8=2x4  =  -20xil^'^^l«^*^^^"-^^- 

SO 

To  test  wheels,  reverse  the  operation  of  calcu- 
lating th(»m  by  ratio.  Thus  for  a  simple  train, 
divide  the  number  of  teeth  in  the  driven  wheel 
by  the  number  of  teeth  in  the  driver,  and 
multiply  the  result  by  the  number  of  threads 
per  inch  in  the  lead  screw.  Thus,  to  cut  six 
threads  per  inch  with  a  lead  screw  of  2  pitch, 

using  20  and  60  wheels,       =  3  x  2  =  6.     For  a 

compound  train,  divide  \X\ii  prodxici  of  the  driven 
by  the  product  of  the  drivers,  and  multiply  the 
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result  by  the  number  of  threads  per  inch  in  the 
guide  screw.  Thus,  to  cut  twenty-four  threads 
per  inch  with  a  2  pitch  guide  screw,  usin^ 
wheels,  say — 

60xl20_7200__,..  .^_,,. 
20x30  "600  -^--^-  *• 
To  cut  prime  numbers,  fractions  have  to  be 
dealt  with,  because  primes  are  not  divisible  bj 
the  two,  or  four  threads  of  standard  lead  screws, 
without  leaving  a  remainder.  3,  5,  7, 1 1, 13, 17, 
1 9,  &c.,  cannot  be  divided  by  4,  or  2,  as  4,  6, 8, 
10,  12,  &c.,  can.  Jlence  it  becomes  necessary 
to  look  up  compound  trains.  Thus,  to  cut 
seventeen  threads  per  inch  with  a  lead  screw 

of  two  threads  per  inch,  .«  =  ^^^  would  not  do, 
*  '1/      wO 

because  a  170  wheel  is  not  in  a  set,  therefor? 
^y—  .-,0 

11  =  iVxl  =  S'x  \V  ^^««^«  '•^^^^^^• 
85     100 

Some  lathes  have  lead  screws  of  three  threads 
per  inch,  and  as  3  is  a  prime,  such  lathes  give 
more  trouble  in  calculation  than  those  >vith  two 
and  four  threads  per  inch  do. 

Sometimes  the  problem  is  put  in  a  way  that 
does  not  take  account  directly  of  the  number 
of  threads  per  inch  to  be  cut.  So  many  threads 
are  wanted  in  a  certain  length.  Then  the 
question  is  reducible  to  one  of  ratio.  Say  six- 
teen threads  have  to  be  cut  in  a  length  of  -^ 
inches,  with  a  lead  screw  of  two  threads  p^^ 
inch.  Then  in  a  length  of  20  inches  of  the  1^^ 
screw  there  are  forty  thi'eads,  giving  a  ratu>  ^^ 

50 

S    ^^^^"'  ^y^  Z  =  2V8^  =  -^x^^'  requiring  t>vo 

60       ^ 
.i>,      X.     ^         r\  50  X  i^f^  drivers 

40  wheels.     Or,  say,  ^.^  ~in-i~ 

'       •/ '  V^  X  40  (iriveu 

Metric  pitches  are  cut  on  lathes  having  in^*"^ 
lead  screws,  but  they  can  be  cut  with  suffici^H^ 
accuracy  with  the  English  lead  screws  by  in- 
cluding a  wheel  of  63  teeth,  which  leaves  an 
error  of  ^Jy  in.  on  the  length  of  the  metre;  or 
one  of   127  teeth,  which  reduces  the  error  to 
T7fVi»  "^'     ^^  ^^  again  a  (juestion  of  ratio.     The 
length  of  the  metre  is  39-37079  in.,  and  this 
contains     1000     millimetre    threads.       In    an 
English  lead  screw  with  two  threads  per  inch 
there  will  be  in  the  metre  length  39-37079  x 
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•74158  threails.      The  i-atio  between  the 
therefore — 

7H-7415S  thrt-acis  of  \  in.  pitch 
liHHi  tbre^uis  of  1  mm.  pitch 

t  a  ck»ser  approximation  to  an  equal 
;r  for  the   Englisli  thread,    reduce   each 

►y  J,  which  will  ijive  ^J^'>  **r  practically 
r  the  i-atio.      To  obtain  chani^e  wheels 

tnl,  the  lead  screw  figure  will  remain  con 
while  the  millimetre  unit  63  m411  l>e 
ilied  by  the  number  of  millimetres  in  the 
to  be  cut.  Thus,  for  a  pitch  of  1 2  mm. 
uati(»n  will  stand — 

lori 
•:hin^  Thn'odsn.—  Except  in  unusual  cases, 
ere  a  fine  thrtwl  can  be  cut  at  one  tra- 
of  the  t4X>l,  it  is  necessary  to  bring  the 
ick  several  times  to  cut  gnulually  deeper 
:he  thrt»ad  is  finishe<l.  The  cla^p  nut  has 
.*eleased,  the  carriage  racked  back,  and  the 
ut  in  for  the  succi»eding  traverse.     Some 

have  backing  belts  which  reverse  at  a 
speed,  and  then    it   is    not    necessary  to 

out  the  clasp  nut ;  but  this  is  unusual. 

lathes  are  fitted  with  a  screw  catching 
f  suitably  indexed,  but  these  are  not 
•ous.  In  the  great  majority  of  instances, 
ore,  the  turner  has  to  catch  thre-ads  with- 
ly  aids. 

cutting  threads  which  are  of  the  stmie 
as  the  lead  screw,  or  which  are  multiples, 
juot  j.«irts  of  tht»  same,  the  clasp  nut  can 
•opj^e*!  in  anywhere,  and  the  tool  will 
the  thread  right.  Thus,  with  a  lead  screw 
:>  threiwls  i>er  inch,  threads  can  be  cut  <>f 
$,  12  to  the  inch.  Tlie  test  is  to  divide 
uml)er  of  threads  to  l>e  cut  by  the  pitch 

JO 

3  lead  screw,  as    "^  =^  0.     When  there  is  no 

nder,  the  clasp  nut  will  engage  anywhere, 
usual  to  run  the  carriage  back  a  little 
?r  than  the  spot  where  the  actual  screw 
ences,  say  about  an  inch  from  the  end,  to 
he  tool  a  start. 

len  division  cannot  be  done  without  leavinjr 
lainder,  then  the  point  to  work  out  is  to 
roL.  VIII. 


ascertain  the  number  of  threads  which  will  be 
even  with  those  in  the  leading  screw,  without 
leaving  a  remainder.  If  the  lead  screw  has  two 
threads  per  inch,  then  the  fractitmal  or  in  Id 
thread  'to  be  cut  must  be  brought  into  an  even 
number,  until  a  ratio  is  obtained  at  which 
multiples  of  two  threads  will  coincide  exactly 
with  multiples  of  the  pitch  to  he  cut.  Five 
threads  per  inch  would  Im?  even  in  a  length  of 
2,  4,  6,  or  S  in.,  but  not  in  a  length  of  1,  3,  7, 
(►r  9  in.  2  A  or  3 A  thremls  pt»r  inch  will  come 
even  numl)ers  at  4  or  8,  or  12  in.  2  J  or  3  J 
threads  will  bt*  even  numbers  at  8  or  10  in. 

It  must  be  remembered  that  brin;iring  the 
numbers  even  may  not  coinci<le  with  the  length 
of  screw  to  be  cut.  For  instance,  instead  of 
8  in.  in  the  last  paragraph,  the  length  wanted 
may  be  12  in.  Then  the  carriage  would  have 
to  be  brought  back  16  in.,  or  4  in.  away  fn>m 
the  starting  point  of  the  screw.  Or  in  ordinary 
causes  where  a  screw  starts  itoxw  the  end  of  a 
piece,  the  distance  to  which  the  carriage  will 
be  brought  l>ack  must  be  included  in  the  ratio 
of  even  numbers.  In  these  jobs  the  carriage 
can  be  set  by  a  mark  on  the  bed,  or  against  a 
block  inserted  between  the  foot  of  the  pop}>et 
and  the  carriage,  or  against  the  poppet  directly. 

MnUiple  Screws. — These  are  cut  by  setting 
the  t<H>l  as  many  st*j>arate  times  as  there  are 
threads  to  the  screw,  the  difliculty  being  to  set 
the  tool  e<iuidistantly.  A  common  method  is  to 
select  a  mandrel  wheel  that  will  divid<>  e<|ually 
to  suit  the  scrrew,  twice  for  a  two-threaded, 
three  times  for  a  thrt»e-threade<l  screw.  The 
first  change  wIkm*!  which  gears  with  it  has  one 
t(H)th  marked  with  chalk,  and  the  t<M>th  spac*e 
with  which  it  «»ngages  in  the  mandrel  wlu^el  is 
also  marke<l.  This  cornvsiKm<ls  with  the  i>ositii»n 
for  cutting  ont»  threat!.  To  cut  the  next,  lower 
the  swing  i»late,  and  turn  \\w  mandrel  round 
until  the  next  spice,  the  half,  or  thirfl,  as  the 
case  may  be,  is  hrouglit  into  engagtMuent  with 
the  mark^nl  tooth  on  the  first  change  wlu»el, 
which  is  the  j)osition  that  corresjHm<ls  with  the 
cutting  of  the  next  thnvid. 

The  Tool-  (rttHy*'. — Tlu»  sliajH*  of  the  tiK)l  is 
teste<l  by  a  screw  thread  gauge,  having  n*cesses 
of  55*  or  60*  or  otlu»r  angles  t<»  suit  difierent 
threads.  The  tocjl  is  set  in  the  rest  by  the 
gauge,  either  for  internal  or  external  work. 
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The  faces  or  edges  of  the  tool  are  ground  away 
to  give  sufficient  clearance  to  leave  the  cutting 
edges  fi-ee  without  interference  from  the  edges 
of  the  thread.  As  the  angle  of  a  thread  varies 
with  diameter,  and  is  greater  on  a  small  than 
on  a  large  diameter,  this  has  to  be  borne  in 
mind  when  grinding  tools.  No  trouble  due  to 
this  arises  in  the  vee  threads.  But  in  square 
threads  and  womi  threads,  interference  occurs 
unless  the  tool  is  ground  by  a  properly  developed 
drawing.  This  will  be  found  noticed  under 
Square  Threads. 

Threads  of  Steep  PU<:h, — In  cutting  these  the 
difficulty  is  that  large  compound  trains  have  to 
be  fitted  to  obtain  the  i*apid  traverse,*  and  the 
strain  is  so  great  that  the  belt  slips,  or  the 
teeth  of  the  gears  become  stripped  off.  Hence 
the  practice  has  long  been  to  reverse  the  method 
of  driving,  by  putting  a  pulley  on  the  end  of 
the  leading  screw,  and  belting  it  from  the  line 
or  countershaft.  The  belt  is  removed  from  the 
cone  pulley  in  the  headstock,  its  mandrel  being 
driven  from  the  lead  screw  through  the  change 
gears,  or  opposite  to  the  usual  direction.  The 
speed  is  slow,  but  the  wheels  are  safe. 

A  few  lathes  embody  arrangements  designed 
to  avoid  this  makeshift  device.  ProWsion  is 
made  for  driving  through  the  back  gears  instead 
of  from  the  spindle,  so  that  power  is  gained, 
and  excessively  large  gearing-up  of  change 
wheels  is  avoided.  But  the  work  of  this  kind 
is  being  removed  from  the  common  lathes,  being 
done  better  by  a  milling  opei-ation  as  described 
under  Screw  Thread  Milling. 

Screw  -  Cutting  Lathe. —This  term  is 
applied  only  to  those  lathes  in  which  a  lead  or 
guide  screw  and  cliange  wheels  are  employed, 
and  the  cutting  done  with  a  single-edge  tool. 
Machines  in  which  screws  are  cut  by  other 
agencies  are  specially  designated  and  described 
as  automatics,  chasing,  screwing,  screw  lathes 
or  machines,  being  more  or  less  designed  for 
repetitive  work.  The  great  value  of  the  screw- 
cutting  lathe  is  that  it  is  suitable  for  cutting 
screws  of  any  sizes,  pitches,  and  lengths,  within 
the  capacity  of  the  lathe,  following  on  turning 
or  boring,  without  removal  of  the  work.  It  is 
therefore  indispensable  in  the  turnery,  but  when 
repetitive  work  is  being  done,  the  other  machines 
are  employed  more  economically. 
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The  ordinary  lathe  of  this  ty^  is  described 
as  self-dcting  slidiivg,  surfacing^  and  screw 
cuttiny.  These  movements  include,  besides  the 
lead  screw  and  change  wheels,  the  back  shaft  or 
feed  rod  of  the  oi*dinary  turning  lathe,  and 
usually  a  distinct  set  of  gears,  or  a  belt  for 
operating  the  latter.  Around  these  elements 
many  variations  are  found. 

The  older  English  practice,  still  retained  in 
many  cases,  is  to  locate  the  lead  screw  in  front 
of  the  bed,  and  the  back  shaft  behind  it,  drimg 
the  first  through  the  change  gears,  the  second 
through  a  belt  or  gears.    The  movements  of  the 
slide  rest  are  derived  from  the  screw  through  a 
clasp  nut ;  and  from  the  back  shaft  through  a 
worm  splined  to    the   shaft,   driving   a  worm 
wheel  having  its  spindle  bearings  in  the  carriage, 
and   whence   the  longitudinal    traversing,  an*^ 
cross   surfacing   movements   of   the   slides  are 
derived,  through  friction  cones  operating  t^^ 
motions,  the  longitudinal  by  a  rack  and  piixio^ 
at  the  front,  the  cross  traverse  or  surfacing    ^Y 
a  screw. 

In  the  American  design  the  back  shaft:-     ** 
transferred  to  the  front  just  below  the  1^*^ 
screw,  and  is  termed  the  feed  rod,  and  tl^^^ 
arrangement  has  been  gradually  embodied     ^d 
many    English    and    Continental    lathes.        ^^ 
posse-sses    several    advantages    over    the  olcf^r 
form  by  reason  of  its  snug  character,  in  conse- 
quence of  which  the  gearing  up,  and  drivin^'f 
and  feeds  are  simplified.     It  permits  the  same 
set  of  gears  to  be  used  for  screw-cutting  and 
feeding.     The  conical  feed  discs  are  also  much 
larger,  being  enclosed  in  the  apron  instead  of 
being  on  spindles  in  the  carriage.     The  same 
reverse  can  be  used  for  the  screw  and  feed  rod. 
In  many  modern  lathes  it  is  not  necessary  to  go 
to  the  rear  of  the  headstock  to  reverse,  but  this 
operation  may  be  performed  at  the  front  of  the 
headstock,  or  at  the  slide  rest. 

An  up-to-date  screw-cutting  lathe  is  a  very 
different  machine  from  those  of  a  few  years 
since.  In  many  recent  lathes  the  sci'ew  or 
feed  shaft  c^n  be  started  and  stopped  while  the 
lathe  is  running,  yet  it  is  impossible  to  have 
both  running  at  the  same  time.  Four  screws 
of  different  pitches  can  be  cut  without  stopping 
the  lathe.  Lead  screws  are  better  protected 
than  formerly   with    long   guards.      Nuts   are 
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onger.  Often  a  table  of  change  gears  saves 
he  turner  the  trouble  of  calculation. 

For  details  of  the  screw-cutting  lathe,  »te 
Change  Gears,  Clasp  Nut,  Lead  Screw, 
>lide  Rest,  «fec. 

The  ordinary  engineers'  self-acting  sliding, 
urfacing,  and  screw-cutting  lathe  still  retains 
oany  of  the  essentials  of  its  original,  most  com- 
plete development,  those,  namely,  of  a  machine 
or  sliding,  surfacing,  screw-cutting,  boring, 
aper  turning,  and  wheel  and  other  turning  of 
arge  diameter.  So  that  in  a  limited  degree 
t  is  almost  a  universal  tool,  universal  still  in 
.  sense  which  cannot  be  claimed  by  any  other 
dachine  tool.  But  because  of  its  comprehensive 
haracter  it  suffers  from  practical  drawbacks, 
t  is  not  economical  or  desirable  to  use  the 
ime  lathe  in  succession  for  cutting  long,  and 
lort  screws,  for  turning  shafts,  and  short 
}uds  and  pins,  for  turning  flywheels,  Iwring 
Bar  wheels,  turning  pulleys,  *fcc.,  in  the  gap. 
his  necessitates  frequent  changes  in  rigs-up, 
1  methods  of  chucking,  in  gears,  in  tools, 
roducing  unequal  wear  of  slides,  and  so  costs 
loney.  ^Moreover  a  good  mechanic  is  i-equii-ed 
>  operate  one  of  these  lathes  efficiently,  where- 
3  if  the  work  is  subdivided  among  special 
lachines,  men  earning  tw(>-thirds  the  wages — 
1  some  cases  boys  at  one-fourth  the  wage — can 
ttend  to  them.  Generally,  too,  the  work  will 
e  done  more  efficiently  when  put  on  special 
lachines.  The  foregoing  remarks  emphasise 
he  fact  that  the  tendency  in  machine  tools 
ow,  as  in  many  other  matters,  is  towards 
pecialisation  or  differentiation.  Universal 
lachines  are  not  in  re<juest.  Hence  the  lathe, 
he  prince  of  engineers'  machines,  is  not  used 
o  the  extent  it  was  formerly  for  boring,  mill- 
Qg,  screw-cutting,  or  grinding.  The  boring 
nachines  take  all  heavy  boring,  much  of  which 
ran  formerly  rigged  up  on  the  lathe  saddle, 
he  milling  machines  perform  practically  all 
nilling  that  is  now  done,  screw-cutting  of  a 
epetitive  character  on  pieces  of  moderate  length, 
s  nearly  always  done  now  in  screwing  machine  s, 
md  in  lathes  with  hollow  mandrels :  and 
^nding,  the  ver}-  suggestion  of  which  causes  a 
ihudder  in  the  mind  kA  the  lathe  man,  is  rele- 
i;ated  to  the  grinder}-.  Even  the  turning  of  small 
(tuds  and  pins  required  in  quantity  is  not  done 


in  the  common  lathe,  but  in  a  special  stud,  or  cajv 
stan  lathe.    So  that  the  functions  of  the  common 


as 


c 
^ 


-^^ — ^ 


lathe  are  nearly  restricted  to  turning,  surfacing,, 
light  boring,  and  the  cutting  of  long  screws. 
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An  example  of  a  10-in.  screw-cutting  lathe 
of  modern  design  with  the  feed  rod  in  front  is 
shown  in  Figs.  35  to  39,  made  by  Cunliffe  tk 
Groom,  Ltd. 

In  the  general  views,  Figs.  35  and  36,  a  is  the 
lead  screw,  and  b  the  feed  rod.  The  latter  is 
operated  from  one  set  of  gears  enclosed  in  the 
box  c,  by  means  of  the  lever  d.  This  is  a  far 
more  convenient  arrangement  than  the  older 
one  with  a  back  shaft  fitted.  We  will  com- 
mence our  observations  at  the  headstock  end, 
and  trace  the  motions  to  the  slide  rest.  Com- 
pare Figs.  35  and  36  with  enlarged  details  given 
in  subsequent  drawings. 


Fig.  .36. — Screw-Cuttiiig  I-*atlio.     (End  Elevation.) 

At  tlie  rear  end  of  the  headstock  spindle,  the 
first  pinion,  a,  in  tlie  train  is  fast.  It  drives 
the  pinion  c  through  either  of  two  pinions,  6, 
or  b'.  These  are  fitted  to  give  rotation  in  two 
directions  from  the  spindle,  which  is  done  by 
carrying  the  spindles  of  h  and  h'  on  a  reversing 
plate  B,  moving  within  the  fixed  plate  f,  which 
is  bolted  to  the  end  of  the  headstock.  A  pinion, 
c?,  on  the  same  spindle  as  c  drives  gears  e,  J\  and 
(/.  ij  is  the  last  or  driven  gear  on  the  end  of 
the  lead  screw  a,  on  which  also  the  quadrant 
plate  (i  swings  (see  Figs.  35  and  37),  and  carries 
the  movable  stud  H,  used  when  setting  up 
trains  of  change  wheels. 

The  pinion  c  is  on  a  spindle  which  passes 
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through  to  the  interior  of  the  headstock,  Fig. 
37,  and  carries  there  a  pinion  h.  h  engages 
with  a  wheel,  j^  the  spindle  of  which  is  carried 
on  a  swinging  plate,  H,  moved  by  a  handle,  J, 
and  locked  by  a  nut.  This  is  for  throwing  the 
wheel  j  into  or  out  of  engagement  with  the 
wheel  k  below,  which  puts  the  feed  shaft  b 
into  or  out  of  action.  The  feed  shaft  is  thus 
driven  from  another  short  shaft,  K,  on  which 
the  wheel  k  is  keyed,  Fig.  37,  and  this  carries 
three  wheels,  Z,  m,  n^  of  different  sizes,  engaging 
with  three  wheels,  o,  p,  ^,  on  the  lead  screw 
(compare  with  the  plan  view  in  Fig.  37).  The 
wheel  r  on  the  feed  shaft  is  driven  by  the  wheel 
q  on  the  left-hand  end  of  the  lead  screw,  so 
that  the  two  drives  are  connected,  the  feed  rod 
through  the  lead  screw.  Yet  neither  can  be 
in  at  the  same  time  because  the  wheel  n  which 
connects  to  r  runs  loosely  on  its  shaft  k.  The 
various  gears  are  put  into  engagement  by  the 
movement  of  the  lever  d  at  the  front  of  the 
lathe,  whence  a  shaft  goes  into  the  bed,  and 
throws  over  the  forked  lever  l,  and  actuates 
the  plunger  M  within  the  shaft  K.  The  sliaft 
K  is  slotted  through  a  certain  length,  shown  in 
the  views,  in  which  a  key,  s^  slides,  and  is 
engaged  with  key  grooves  in  the  wheels  /,  m,  w, 
according  to  the  three  positions  of  the  lever  D, 
and  giving  roughing,  medium,  and  fine  feeds 
to  the  shaft  b.  The  cuts  are  8,  16,  and  32  per 
inch  respectively,  obtained  by  the  lever  with- 
out stopping  the  lathe. 

Going  to  the  slide  i*est.  Fig.  38,  we  see  at  once 
how  the  fittings  are  simplified  by  comparison 
with  those  of  lathes  in  which  a  back  shaft  is 
fitted.  The  whole  of  the  mechanism  is  concen- 
trated at  the  front,  and  nearly  all  concealed  \)y 
the  apron  x.  The  various  handles,  <tc.,  operated 
in  front  are  as  follows  : — 

The  lever  o  throws  the  clasp  nut  t  into  »J*" 
out  of  contact  with  the  lead  screw,  sho'^^n 
separately  in  the  detail.  Fig.  38.  p  is  the  hU'^"' 
wheel  by  which  the  racking  traverse  is  actuated 
through  gears  u,  v^  iv,  the  latter  engaging  with 
the  rack  x.  The  same  sliding  motion  is  put  in 
by  power  by  means  of  the  knob  Q  through  the 
friction  i/  thus : — A  pinion,  z,  splined  to  the 
feed  rod  b,  seen  in  Fig.  38,  engages  with  a 
wheel,  :;'.  As  ;:;  is  splined  to  the  feed  rod,  it 
must  turn  with  it  and  tuni  z.     On  the  same 
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spindle  as  ;s'  a  pinion,  aa^  is  keyed,  and  this  wheel,  it  turns  the  pinion  cc^   whicli  engages 

engages  with  a  wheel,  66,  which  is  therefore  with  the  wheel  r,  on  tlii^  siime  shaft  as  the 

always  running  when  the  feed  rod  is  running,  rack  pinion  w. 

When  the  friction  cone  y  is  pulled  into  this  The  transverse  movement  of  the  rest  is  effected 
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by  tJie  haiid-wliet?!  r  wliieli  turns  the  iwrpw  dd  Usually  worms  aud  wheels  ha^vf*  their  axes  at 
|ii  it^  iiuL  The  |MJwer  movement  is  produced  ri^ht  angles;  it  is  exceptional  to  fiet  them  at 
\v    tu  riling   the   knoh   fl»    which    pulk   in    the      other   angles.     But    screw    gears    are    equally 


f  lift  ion  eone  (?!»,  Then  the  wheel  fj  on  this 
ciine  \H  ih'iven  htytn  the  wheel  gg  keyed  on  the 
«anie  spindle  m  the   h**vel  wheel   z\    jj  then 
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Countershaft  for  Horew-Outting  Latlie. 


[drives  gears  ipj  and  hh  to  jy  on  the  end  of  the 
fcnjss  t inverse  screw  dd. 

The  remaining  feat  tires  ut*  th*^  lathe  may  be  dis- 
[posed  of  brierty.    The  upper  portion  of  the  slide 
,  Is  of  the  nsual  de.<*ign,  with  full  swivel  of  the 
holder  by  the  tee-heatl  bolts  on  the  bast^ 
Hand  feed  of  the  tool  holder  is  by  the  screw 
and  handle  u.     v,  Fig.  37,  shoivs  the  fitting  of 
the  lead  sciew,  and  fee*l  rtwls,  with  their  screwed 

IiflTiiBhers,  The  poppet  w.  Fig,  35,  has  cross  tra- 
Vf'rse  for  taper  turning,  The  he^idstock  is  back 
jjeareil,  with  a  ratio  of  8  "82  to  1.  The  counter- 
*ilmftj  Fig»  39 »  is  of  two-spee*:l  type,  the  pulley 
fliaToeters  being  i^sj>ectively  16  in,  and  14  in. 
It  makes  150  and  250  revolutions  per  mmute. 

■  The  \ml  is   VI   ft.  long.     The  swing  over  the 
carriage  is  15  in.     The  lathe  weighs  48  cwt. 
Screw  GearS-— These  as- 

Iiiumt'  tliriff  forms — tlie  wormj 
fthe  spiral,  and  the  helical. 
"The  fliflerence>4  between  these 
tiuiy  l>e  vanoMsly  definetl. 
A  uHiTtH  is  either  a  single,  or 
multiple  complete  threader! 
screw.     A  ttpirnl  gear  is  a  slice 

I  cut  out  of  a  nmltiple-threa^lefl  screw  at  right 
angles  with  its  axis.  A  wor*m  lias  a  short  pitch 
or  Uad,  A  spiral  gear,  if  completed,  would  have 
threads  of  greatly  extendeil  jiitL^h  or  lead*  A 
worm  must  engage  with  a  wheel  having  a 
considerjible  numl>er  of  teeth,  Held*»ni  less  than 
m  doiien,  and  genendly  twenty  and  upwards.  A 
spiral  gear  can  engage  with  a  fellow  having  an 
|uaK  or  a  lesser,  ur  giTiiter  number  ^»f  teeth. 


adaptable  ff>r  working  at  any  angle. 

When  the  axes  of  a  pair  <jf  screw  wheels  are 
set  in  the  same  plane  insitejad  of  at  right  angles, 
they  are  termed  single  heJical 
wheels,  oi"  helical  wh^tilat  simply. 
An  imp>rtant  result  is,  that  in- 
stead of  the  severe  sliding  fric- 
tion of  the  sci^w  threads,  the 
rolling  cont-m^t  of  the  helical  teeth 
is  substitut^atL  And  when  the 
helical  wheels  are  duplicated, 
back  to  back,  with  teeth  at  op- 
posite angles,  the  donhlfi  helical 
wheel  is  produced,  in  w^liich  the  diagonal  thrust 
of  each  series  of  teeth  is  rteutralised.  We  have 
therefore  the  fact  that  these  types  of  ge^irs, 
though  usually  considered  apart,  are  clrjsely  re- 
lated, and  can  be  therefore  better  nnderat<iod 
when  studied  in  common. 

The  three  figures  reprem^nt  diagramniatically 
three  types  of  screw*  gears.  Fig,  40  bc^ing  a  .icrew 
or  angle  wbeelj  Fig.  41a  worm  and  w^orm  wheel, 
and  Fig,  4*2  a  helical  or  double  helical  'wheel, 
8ay,  there  are  1 2  teeth  in  Fig.  40,  24  teeth  in  Fig. 
41,  and  26  teeth  in  Fig,  42,  that  would  simply 
nxean  that  in  those  easels  the  teeth  are  sections 
of  nuiny-threiwled  screws  whose  helices  numl>er 
respectively  12,  24,  and  26,  the  axes  of  the 
cylinders  of  these  screws  cori'esponding  with 
the  lines  A- A  in   each  case.     Hence  there  are 


£..«--*. 
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certain  relations  commim  to  all,  however  much 
those  rtdations  may  ditfer  in  pmportions,  and 
the  gears  in  function. 

The  helices  can  be  contbme<l  in  each  t*ase  to 
right  an<l  left,  as  shown  by  the  i lotted  lines  ii-e, 
until  they  lutve  mttde  one  complete  revolution 
of  their  i*espt/ctive  cylindei's,  and  then  the 
length  measuretl  on  the  axial  line  a-a  w^ould 
be  etjiiivalent  to  their  pitch,  regarded  as  screw 
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threads,  and  termed  the  toted  axial  jntch  or  lead. 
This  total  distance  is  divisible  into  as  many- 
parts  as  there  are  screw  threads,  and  each  such 
distance  would  be  the  divided  axial  pitch.  The 
latter  pitch  may,  however,  be  dismissed  as  being 
of  little  or  no  practical  value  in  gear  construc- 


c  and  D,  but  in  wheels  like  Fig.  41  there  is  not 
much  difference.  Again  in  wheels  like  Figs.  40 
and  41  the  action  is  that  of  sliding  only ;  in  Fig. 
42  it  is  rolling  pure  and  simple.  In  each  case 
also  the  velocity  ratios  may  be  equal  or  unequal. 
In  Fig.  40  they  will  be  equal  when  there  is  the 


A 


Fig.  41.— Worm  Gears. 


Fig.  42. — Double  Helical  Gear. 


tion,  but  the  total  axial  pitch  is  required  when 
cutting  spiral  gears  on  a  machine.  The  distance 
c  in  the  figures,  measured  around  the  circumfer- 
ence of  the  plane  cutting  the  axis  transversely, 
taken  from  centre  to  centre  of  teeth,  is  the 
circumferential^  or  circular  pitch,  and  this,  if 
multiplied  by  the  number  of  screw  threads,  will 
give  the  total  circumference  of  the 
wheel.  This,  and  the  noTtnal  pitch  d 
in  the  figures  are  the  pitches  which  are 
most  used  in  practice,  d  is  constant  for 
any  wheels  which  gear  together,  this  is 
imperative,  but  c  will  vary  according 
to  the  angles  at  which  the  wheel  axes 
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Fig.  43. — Diagram  of  Tooth  Angles  in  Spiral  Gear. 


are  placed.  But  c  always  retains  a  fixed  rela- 
tion to  D,  and  either  can  always  be  re«adily 
calculated  from  the  other,  and  the  angles  of 
the  axes. 

In  wheels  of  the  type  of  Figs.  40  and  42  there 
is  a  considoi'able  difference  in  the  dimensions  of 
5G 


same  number  of  teeth,  i.e.,  screw  thi*ead  sections 
in  each,  and  set  at  the  same  angle,  unequal  when 
the  threads  or  the  angles,  or  when  both  vary. 

Screw  wheels,  Fig.  40,  may  work  into  spur 
wheels  or  into  racks,  and  tnce  versa,  and  the 
normal  pitches  alone  need  be  equal,  the  others 
may  vary.  In  Fig.  41  the  velocity  ratios  are 
commonly  very  unequal,  the  worm  seldom  con- 
taining more  than  two,  or  three  threads,  oftener 
one  only,  to  several  in  the  wheel.  In  any 
case,  the  circumferential  pitch  c  of  the  wheel 
must  equal  the  pitch  E  of  the  worm,  the  pitch 
E  being  the  distance  from  centre  to  centre 
of  contiguous  threads,  and  equal  to  the  total 
axial  pitch  in  a  single-threaded  worm,  and  to 
the  divided  axial  pitch  in  a  double  or  treble- 
threaded  worm.  Fig.  42  may  be  made  of  any 
sizes,  and  are  the  helical  wheels  first  suggested, 
by  the  stepped  gear  of  Dr  Hooke. 

Having  now  established  the  relations  between 
these,  we  will  take  each  form  in  detail  and  work 
out  the  relative  proportions,  and  note  the  merits 
or  otherwise  of  each. 

In  Fig.  40  two  teeth  are  shown  of  a  spiral 
gear  with  the  point,  pitcli,  and  root  lines,  c,  />,  a, 
drawn,  and  the  continuation  of  the  i)itch  line  to 
the  completion  of  an  entire  revolution  of  the 
screw  thread  u,  giving  the  total  axial  pitch  e. 
The  sum  totiil  of  the  pitches  c  gives  a  definite 
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diinension — the  pitch  circumference  of  the  wheel, 
which  is  represented  by  b  in  Fig.  43,  and  the 
correspi>nding  diameter  by  c  in  Fig.  44.  But, 
as  the  circumferences  are  diffei*ent  at  tooth  roi>t, 
and  point  fi-om  that  of  the  pitch  circumference, 
the  effect  is  to  give  a  ver}'  marked  twist,  or  diflfer- 
ence  of  angle  at  those  points,  just  as  in  any  screw 
blade,  coiresponding  with  a,  />,  c.  Fig.  40.  In 
Fig.  44  the  relations  shown  are  those  on  the 
pitch  plane,  and  f  is  the  breadth  of  the  wheel. 
Hence,  if  we  lay  down  triangles  in  Fig.  43,  where 
B  =  the  total  circumfei-ential  pitch,  or  sum  of  c  in 
Fiij.  40,  X  the  numl>er  of  teeth,  and  make  the 
angle   d  i*epresent  the  angle  which  the  pitch 


Fig.  44.— SiTcw  Wheel. 

surface  of  the  screw  thread  makes  with  the  per- 
pendicular to  the  axis.  Fig.  43,  we  have  on  the 
completion  of  the  tnangle,  D  =  the  total  axial 
pitch  or  lead,  =  e  in  Fig.  40.  Then  setting  off 
the  distances  a  and  c  equal  to  the  circumferences 
a  and  c  respectively  in  Fig.  40,  the  lines  fh  and 
FG  represent  the  angles  which  the  spiral  tooth 
centres  make  on  these  planes. 

From  the  same  diagram  the  relations  between 
the  nonnal  and  circumferential  pitches  can  Ik? 
determined  graphically.  Since  the  normal  pitch 
is  perpendicular  to  the  pitch  axis  of  the  screw 
thread,  set  that  down  in  the  diagram.  Fig.  43, 
as  at  K,  and  then  L  will  represent  the  circum- 
ferential pitch.  Convei*sely  the  latter  l>eing 
laid  down,  the  former  can  lx»  measui*e<l.  To 
determine  the  relations  trigonometrically  (com- 
pare with  Fig.  44) :  — 


L  = 


K 

sin  if 
K  =  L  X  sin  ^. 


Having  two  wheels  of  the  siime  diameter  and 
angle  of  teeth,  the  normal  and  circumferential 
pitches  will  be  alike  in  each.  But  with  any 
alteration  in  angle  the  latter  will  alter,  liecoming 
increa.sed  or  diminished,  with  inci-ease  and 
diminution  of  angle  respectively.  The  latter, 
therefore,  govern  the  diametei-s  of  spiral  wheels. 


not  the  normal  pitches.  Two  wheels  thus  geiar- 
ing  together  with  axt*s  at  right  or  any  other 
angles  will,  if  their  teeth  differ  in  angle,  have 
circumferences  not  propi>rtionate  to  their  velo- 
city ratias.  The  extreme  case  is  when  one  of 
the  gears  is  a  spur  tooth  nick,  or  wheel,  and  the 
other  a  screw  rack,  or  wheel,  since  in  the  spur 
teeth  the  nonnal  and  circumferential  pitches 
coincide. 

When  two  sci-ew  wheels  gear  together,  the 
angle  which  their  axes  make  with  each  other 
differs  acctuxling  to  the  haadituj  of  the  thrwuis. 
With  geai-s  whose  threads  are  of  the  same 
hand,  whether  right  or  left,  the  angle  of  the 
axes  will  equal  the  i*um  of  the  angles  of  the 
threads,  so  that  45**  +  45'  =  90"*  angle  of  a.\t»s. 
But  when  the  thi-eads  are  of  oppi^site  hands, 
the  angle  of  axes  is  equal  to  their  dijfett^ncf^  Jis 
45^  -  45^  =  0,  and  the  axes  are  immllel.  Then 
at  once  we  have  helical  wheels,  with  the  verj* 
imiK)rtant  result  that  the  sliding  of  tet*th  due  to 
the  cnxssing  of  their  axes  is  absent,  pure  rolling 
contact  taking  its  place.     See  Helical  GcarS, 

Spiral  Gears,  Worm  Gears. 

Screwing  Dies.— ^>«  Dies. 

Screwing  Flange.— A  flange  which  is 
used  for  wrought-iron  and  other  pii>e,  Ixnng 
threade<l  on  the  interior,  instead  of  Unng 
bnized. 

Screwing  Machines. — The  function  of 
these  is  to  produce  screw  thremls  upon  tulnvs  and 
plain  bars,  either  black,  or  bright,  without  doing 
any  turning,  or  other  oi)erations,  which  aiv 
properly  the  work  of  the  screw  machines,  and 
the  lathes.  Dies  or  chasers  an'  ustnl,  fitttMl  in 
a  fixed  or  a  revolving  head,  so  that  they  are 
cajmble  oi  small  adjustments  for  diameter,  and 
of  a  mpid  oj^ening  movement  to  clear  the  work 
after  screwing.  The  tyi>e  of  machine  di'scrilnMl 
under  Bolt  Screwing  Machine  is  typical  of 

most.  The  chief  variations  are  noticeable  in  the 
metlnHls  of  (hiving,  and  the  size  of  the  heads. 
Hand-driven  machines  are  useful  for  situations 
where  |H)wer  cannot  Ik»  applied  :  the  hand  shaft 
is  geai*ed  up  with  two  or  thi*(H»  gears  to  tlu»  re- 
volving spindle,  to  <;ive  sutlicient  power,  at  a 
suitably  slow  rate.  A  handle  is  somethiies 
placed  on  the  second  spur  gear  shaft,  for  getting 
(piicker  s|>eefls,  (»n  light  work.  Pipe  screwing 
machim»s  require  large  spindles,  to  allow  the  pipes 
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to  ptLSii  thi^u^h.  Pipes  up  to  L*i  \\\.  fiuimet-er 
can  be  dealt  with  cm  the  large.^t  machines,  tlie 
tb  iTMJ  s  beiii  g  c  u  t  at  one  goi  ng  over.  A  c  u  t ti  n  ^'- 
<iff  attat;linient  is  employed  in  connection  with 
most  pipe  iimchine-s  \  it  is  fastened  to  the  front 
face  of  the  liie  head,  and  imrries  a  transverse 
euttin^-off  blade,  held  in  a  slide,  which  \%  fefl 
inwards  as  the  attachment  revolve-s,  by  a  screw 
and  star  wheel,  in  a  similar  manner  to  the  facing 
arms  fitted  tt>  boring  liars.  A  vee  steady 
opposite  tfie  cutting-off  tool  beai"s  im  the  pipe 
and  pi-events  it  from  springing  away  from  the 
tooh 

Some  examples  of  screwing  machines  by 
Charles  Winn  it  Co.  ai'e  shown  in  Figs.  45  to  4 1*, 
Plate  III.  Fig.  45  is  a  hand -driven  machine, 
having  a  piiir  of  ^pur  gears  connected  up  to  a 
bevel  gear  drive  on  the  spindle ;  two  purchases 
may  V>e  obtainefi,  by  placing  the  crank  handle 
either  cjn  the  first  pinion  h^ym^  i>r  upjn  the  spur 
wheel  boss,  ko  regulating  the  spee<l  and  power 
according  t4>  the  work  being  done.  Bolts  up  to 
\\  in.  diameter,  and  2  in.  tulse^  can  be  screwed. 
The  carriage  is  racked  along  the  bed,  an<l  its 
vice  has  duplex  jaws,  to  give  a  firm  hold.  The 
back  pair  of  jaw8  can  be  taken  off  when  it  is 
desired  to  screw  clo«e  up  to  the  heads  of  bolts, 
or  to  hold  bends.  The  die  head  carries  four 
chaffers,  which  may  be  adjusted  radially  to  cut 
\arious  diameters,  and  may  also  be  thrown  liack 
instantaneously  to  release  work  after  it  has  Iseen 
i>ci*ewe*l,  by  moving  the  bow  le^'er  handle. 

Fig.  4t5,  Plate  ITT.,  is  a  machine  for  tube 
screwing  only,  with  a  capacity  up  to  8  in.  The 
saddle  has  a  duplex  grip  vice,  and  in  order  to 
obtain  sufficient  power,  tlie  tightening  hamlle 
is  geared  with  spur  pinions  up  to  the  operating 
ycrew.  The  die  heiwl  lias  five  chasers,  which  are 
adjusted  to  diameter  by  a  cam  rbiu.  The 
driving  take^  place  thmugh  a  steppetl  cone  (not 
visible)  at  the  front  through  double  purchase 
spur  geai^  to  the  bevel  wheel  on  the  spindle. 

Another  function  is  included  in  the  tube 
screwing  machine,  Fig.  47,  Plate  III.,  that  of 
nipple  making.  The  dtc  he^id  in  this  case  is  lield 
on  the  s Sibling  carriage,  and  the  tubes  are  grippefl 
in  the  chuck  of  the  revolving  spindle.  There 
is  a  ^mall  slide  behind  the  die  head,  having 
front  i\j\*\  back  to*>ls  for  cutting  off  tubes.  This 
slide  is  free  to  move  along  on  vee  ways,  go  that 
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when  a  tiil>e  is  screwing  its  way  through  the 
dies,  the  end  of  the  tube  coming  into  contact 
witli  a  disc-faced  stop  on  the  slide  pushej<  tlie 
latter  bttck  wards  j  at  the  same  time  the  operatin 
turns  a  handle  feeing  in  the  parting-ofl'  looK 
until  tlie  tube  is  severed^  leaving  a  nipple.  The 
I'est  of  the  tube  is  still  being  screwed,  so  thai 
the  operations  go  on  without  intennission.  It 
win  be  e\ddent  that  siuch  cutting-off  eould  nut 
be  accomplished  unless  the  slide  canying  the 
tools  was  carried  along  at  the  saaie  rate  that 
the  tube  moves,  Tlie  grips  in  the  headstoct 
chuck  ai'e  adjusted  within  a  certain  range  of 
diameters,  and  the  gripping  and  i^elease  &re 
effected  by  turning  the  large  star  handle*  which 
operates  a  gear  segment j  moving  the  lx)w  lever. 

Another  tube  screwing,  cutting-off,  and  nipple 
making  machine  is  illusti-ated  in  Fig.  48,  Plate 
III.  The  general  construction  resennbles  that 
of  Fig.  47,  but  the  head  is  double  ge^i-ed,  having 
a  four-stepped  lie  It  cone  at  the  back,  acting 
through  two  sets  of  spur  gear.  The  tulje  is 
supportetl  in  the  back  end  of  the  spindle  by 
four  steady  jaws,  adjustable  for  dianiet-er.  The 
die  head  and  carnage  resemble  those  in  Fig.  47, 
but  an  addition  is  made  in  the  shape  of  a  pair 
of  steel  vee  ste^ies,  which  st^eady  the  tul>e 
while  it  is  being  cut  off. 

Screw  Jack,— .fe  Jack. 

Screw  Key.— A  Spanner 

Screw  Pile,— -S'v?  Piles. 

Screw  Plate. — A  small  steel  plate,  with  one 
or  two  handles  for  turning  it  by,  and  furnished 
with  several  holes  for  cutting  screw  threads. ' 
It  is  only  used  for  diameters  not  exceeding  J  in., 
the  friction  being  too  great  for  larger  work. 
The  cutting  edges  are  fcjrmed  by  holes  or  slot^ 
adjacent  to  the  threaded  holes. 

Screw  Press.— *SVe  Fly  Press. 

Screw  PropeUer.^ — The  germ  of  the  screw 
as  a  iiiean.s  of  propulsifm  may  be  traced  to  the 
"spiral  oar"  which  was  suggestetl  by  James  Watt* 
Many  yeatrs  elapsed  before  it  assumed  pi*actic- 
able  forms,  but  it  haa  wholly  ilisplacetl  paddles 
for  ijcean  service.  The  efficiency  of  paddles 
lessens  with  lightening  of  the  load,  due  to  the 
consumption  of  coal  on  a  long  voyage,  while 
that  of  the  propeller  is  unaffected.  Moreover 
the  paddle  boxes  offer  much  resistance  to  winds 
and  seas. 


Kig,  47-  — PfFE  BcfkEWiNG  Machini^^ 


Fig-  4S.— LAuaE  Prpis  ScftE^ixc  Machi^r. 

(Ouirles  Winn  &  CU) 
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Tk€  Forms  a/  FropeUerm. — Essentially  these 
cciniprige  segmental  blades  which  ure  portions  of 
fnultiple-threacied  screws ^  t%vaj  tln'ee^  or  four  in 
number.  The  screw^s  are  of  very  e4>ar!ic  pitclij 
of  large  diameter,  encircUng  a  siiiall  cylhider  or 
Wly,  being  therefore  nearly  **all  bltKle."  The 
fill  lowing  are  the  term.s  used  in  connei^tion  w^ith 
iicrt^w  pn>peller,s. 

The  pifeh  is  the  distance  measured  from  face 
to  face,  or  centre  to  centre  of  a  thread,  when 
it  ban  niade  one  revolutitm  round  ita  body.  It 
is  the  a^uttJ  piU'h  of  the  screw,  A  iru^  scretc  in 
the  common  f^crew,  in  which  the  pitch  is  regular, 
Hiul  which  has  therefore  the  name  angle  through- 
*iUt*  A  Hci'ew  with  tTif^rf^nitimj  pitch  has  variable 
angles.  The  inei'ease  may  lye  mdrnl^  in  wludi 
tsase  the  pitch  of  the  blade  is  finer  next  the  boss 
than  at  the  tip,  the  iip  denoting  the  periphery 
of  the  blade.  A  decreajse  of  pitch  of  hxmi  10  to 
1*^  j^wr  cent,  is  usually  given.  The  effect  is, 
that  the  churning  action  of  the  blade  next  the 
boss  m  lessenc^d,  and  the  hold  of  the  blade  on 
the  bo^s  is  increased.  A  pitch  may  vary 
hm^jitudimtlft/.  Pitehes  are  also  varied  in  both 
dinx'tionH  in  the  imine  blade.  In  fact  there  ai*e 
vernl  modifications  involving  variations  of 
pitch  in  screw*  propellers. 

The  atyfa  of  a  bkwle  is  that  of  the  surface  f*f 

the  blade.    The  dim  area  is  that  of  the  circle  de- 

?«.Tibe<l  by  the  tips  of  the  blades.    The  apparent 

jf/*p  of  a  propeller  is  the  difference  between  the 

actual  advance  of  the  vessel,   and  that  which 

nhould  be  due  to  the  speed  of  the  propeller,  sup- 

p>sing  it  worked  in  an  unyielding  substance. 

Jt  varies  frfim  ab<.^ut  10  to  25  per  cent.     It  is 

he  cHlTerence  which  should  be  run  as  given  by 

he  engines,  and  the  actual  distance  run  by  the 

vessel,    Xeijuflm  slip  is  of  the  opp^isite  character. 

It  iX'cnrs  wdien   a  stream  of  water  is  thmwn 

ut wards  and  back  ward f*  by  the  propel lei%  the 

[pace  of  which  U  partly  filled  by  a  following 

tream  w^hich  produces  additional  thrust  on  the 

pf^ipeller.     It  is  an  evil  to  he  avoided,  showing 

that   the    screw    is    not    working    at    its    best 

efficiency.     The  drirliuj  »*irftii^r  is  the  t\i\X^  or 

after  fai^  of  the  blade.     The  hadimj  rdge  is  that 

which  enters  the  water  firstj  the  other  is  the 

yti^hnmmj  edge* 

The  screw   propeUt^r  owes   nothing   to    pure 
the4jry.     Numerous  papers  have    been  written 


on  the  suVjject,  bristling  \vitii  fofmulie.  Yet, 
to-day,  often  when  the  best  possible  results  are 
desired,  propellers  of  different  pitches  and 
designs  Iiave  to  be  tested  on  new  \essels,  unless 
experience  of  precisely  similar  vessels  is  avail- 
able, Simple  though  the  pr*>peller  appears 
there  is  nevertheless  much  obscurity  regarding 
its  very  elements.  Krrrjneous  ideas  were  long 
held  respecting  friction,  slip,  and  the  action  of 
the  water,  matters  which  ai'e  not  fully  under- 
stood even  now.  Mr  Fr  on  tie's  experimental 
investigations  have  done  much  to  clear  up 
disput€<l  matters,  especially  in  regaid  to  the 
friction  of  pi-opeller  blades,  and  the  i-esistance 
of  the  edges.  So  important  are  these  that 
attempts  liave  been,  and  are  made  to  lessen 
friction  by  such  rleWces  as  filing  aiul  pilishing 
the  blade  surfaces},  by  encasing  tbeni  in  sheet 
metal,  and  by  covering  up  the  bolt  lieads  with 
metal^  or  cen>ent,  when  blades  are  Inilted  to 
their  bosses.  The  action  of  the  displaced  water 
on  the  propeller  blades  is  a  difficult  subject, 
as  is  also  the  percentage  of  slip  whiuh  yields 
the  most  economical  results.  At  one  time  it 
was  held,  adhering  to  the  analog)^  of  a  screw^ 
passing  through  an  anyiehling  substance,  that 
all  slip  was  necessaiil}'  wasteful,  and  many 
attempts  were  made  t-o  reduce  this  or  to  get 
i*id  of  it  altogether.  It  is  now  know*n  that  a 
screw^  workitjg  with  little  slip  is  wasteful  of 
powder,  and  that  a  very  c<>nsiderable  amount  of 
«lip  is  an  essential  to  economy. 

The  practic4il  I'esult  is  that  every  different 
type  of  vessel  must  have  it«  own  diffei'ent  type 
of  proj>eller ;  wdiether  line|",  battleships  toiiiedo 
boat,  merchant  vessel,  and  whether  large  or 
small,  and  dependent,  t^M^  on  engine  power  and 
on  speeci  sought.  Hence  the  almost  Infinite 
variations  in  form>  A  propeller  which  gives 
g<.xKl  result.s  on  one  ship,  working  umler  one 
set  of  conditions,  will  not  be  successful  in  another 
vessel  under  different  conditions. 

The  thim^  pbotiigraphs,  Figs.  40  to  51.  Plate 
IV.,  illustrate  examples  of  pro|ieHerH  niade  Ijy 
Messrs  John  I.  Thortiycn^ft  A  Co.,  Ltd.  In  these 
types,  the  feature  is  that  eacli  blade  is  curved  in 
the  direction  of  its  length  in  such  a  way,  that, 
assuming  the  blade  to  be  cut  in  a  plane  passing 
thrt»ugh  the  axis  of  the  pn.»pdler,  and  through 
the  centre  of  the  blade  in  a  direction  pai^allel 
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to  the  said  axis,  the  section  of  the  blade  is 
convex  on  its  driving  face,  and  this  curvature 
is  sucTi  that  throughout  its  length  it  acts  as 
directly  as  possible  upon  the  stream  of  water 
passing  through  the  propeller.  '  In  the  direction 
of  the  diameter  of  the  screw,  the  pitch  of  the 
blades  is  increased  from  the  boss  towards  the 
centres  of  the  blades  at  or  about  which  the  pitch 
is  greatest,  and  thence  it  gradually  decreases 
towaixls  the  outer  extremities  of  the  blades,  and 
the  pitch  of  the  blades  is  increased  in  the 
direction  of  the  screw's  axis  towards  the 
rearwai*d  end  of  the  screw. 

Too  much  importance  has  been  attached  to 
the  forms  of  patented  screws.  Often  the  screw 
itself  is  not  at  fault  when  it  does  not  give 
results  so  good  as  another,  but  it  is  not  so 
suitable  for  the  vessel,  and  the  engines.  Hence 
trials  are  made  with  new  vessels  of  different 
screws,  and  with  variable  pitches  until  the 
best  are  found.  In  any  screw,  essentials  are, 
to  design  the  blades  so  that  each  will  take  its 
fair  share  of  the  work,  and  to  have  them  smooth 
to  lessen  friction. 

Mr  Maginnis  once  summed  up  the  ideas  of 
experts  regarding  the  blades  of  screw  propellers 
thus  : — "The  blades  of  the  propeller  have  been 
made  of  almost  every  possible  shape,  form, 
material,  number,  and  pitch — one  proposing 
that  they  should  be  bent  forward,  another  that 
they  should  be  bent  backward,  another  that 
the  point  of  the  blade  should  be  in  advance  of 
the  r(H)t,  another  that  the  root  should  be  in 
advance  ;  another  that  the  blade  should  be 
straight  ;  another  that  the  horizontal  sections 
of  the  blade  should  be  concave ;  another  that 
they  should  be  convex  ;  another  that  they  should 
be  the  shape  formed  by  an  actual  screw  thread  ; 
another  that  they  should  have  a  large  diameter  ; 
another  that  they  should  have  a  small  diameter, 
and  so  on,  until  the  owner  or  engineer  of  a 
steamship  knows  not  which  to  act  upon,  or 
what  t^)  do ;  and  the  strangest  thing  of  all  is 
that  they  are  supported  by  tabulated  statements 
and  records  showing  the  superior  advantages 
of  the  so-called  improvements." 

The   first   screws   comprised    a   single   blade 

forming  a  portion  of  a  true  screw.     Afterwards 

a  double  helix  was  used,  forming   portions  of 

two  true  screws.     It  was  found  gradually  that 
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improved  results  were  secured  by  reducing  the 
areas  of  the  blades,  the  vibration  being  lessened 
thereby,  and  so  gradually  the  present  relatively 
small  blades  were  developed.  In  still  water  tlie 
two-bladed  propeller  answers  very  well,  but 
not  in  rough  seas,  where  three,  or  four  blades 
are  used.  The  three-bladed  propeller  is  more 
suitable,  but  the  risk  of  the  fracture  and  loss 
of  a  blade  entails  more  serious  consequences  in 
regard  to  the  ill-balancing  than  it  does  in  a 
four-bladed  propeller.  Hence  the  latter  is 
generally  preferi*ed. 

Materials. — Propellers  are  made  qf  .cast  iron, 
steel,  gun-metal,  phosphor  bronze,  maDgane6e 
bronze,  delta  metal,  aluminium  bronze.  Hie 
objection  to  cast  iron  is  its  weight,  and  liability 
to  fracture,  but  it  is  used  largely  in  the 
mercantile  marine,  being  so  much  cheaper  than 
the  copper  alloys.  The  weight  of  the  latter  can 
be  reduced,  but  not  in  the  proportion  corres- 
ponding with  equal  strength.  Cast  iron  when 
used  must  be  of  a  tough  mottled  mixture. 

The  objection  to  propellers  of  cast  ii*on 
besides  that  of  excessive  weight,  and  liability 
to  fracture  is  the  severe  corrosion  which  goes 
on,  and  especially  on  the  back  of  the  blades. 
Mr  Maginnis  thought  that  this  is  due  to  the 
formation  of  some  chemical,  by  the  mixing  of 
the  atmosphere  and  salt  water,  which  attacks 
the  iron.  The  water  having  been  [)artly  dis- 
placed by  the  descending  blades,  a  partial 
vacuum  is  foiTned  at  the  back  of  the  blades, 
which  draws  in  water  highly  charged  with  air, 
which  will  be  carried  down  into  the  water  by 
the  blades.  Steel  is  stronger  than  cast  iron, 
but  more  costly,  though  less  so  than  gun-metal 
and  the  more  expensive  copper  alloys  which  art> 
ten  or  twelve  times  mbre  costly  than  cast  iron. 
The  objection  to  steel  is  its  liability  to  i*apid 
corrosion,  which  is  more  rapid  than  that  which 
goes  on  in  cast  iron.  Hence  various  proposals 
have  been  made  for  coating  blades  of  iron  and 
steel  with  paints,  and  with  sheathings  of 
metal. 

An  interesting  example  of  what  ill-usage 
manganese  bronze  will  endure  is  seen  in  Fig.  52, 
Plate  IV.  This  shows  a  blade  taken  fi-oni  the 
wreck  of  the  s.s.  Yeoman  of  the  Harrison  line, 
wrecked  off  the  Portuguese  coast ;  it  will  be 
observed  that  the  blade  is  bent  nearly  double, 


PLATE   IV, 


Fig,  49.— TjjnaNViitoiT  Pain'Kixiiis. 


Fig.  .W.— THOKSViiuirr  PiMJpKT.rER. 


Fig*  r*  I .  —  Tti 0R\  Yc  norr  Fro  vt  i  *i.kr. 


Fig,  5*2.— MAStJANESK  BRIIISKK   Phol'tXLKH 
FRUSS   A  \Vke(  K. 
(BiLlJngtoii  k  Nemon^  Lul.) 


Tq  I^m*  v^juq^^ii- 


THE  NEW  YORK! 
PUBLIC     LIBRARY' 


ASTOR,   LFNOX  AND 

TI'.D    N    FOUNDATIONS. 


Scr 


PRACTICAL    ENGINEERI?:G, 


Scr 


without  fractui-e.    Messrs  Billiiigton  k  Newton, 
Lt<l.,  wei-e  the  nianufiicturers. 

Blades  of  manganese  bronze  do  not  fracture, 
but  only  Ijend  with  a  blow.  Tliey  have  about 
<louble  the  strenj^th  of  tliose  of  gun-metal. 
Experiments  have  proved  that  the  difference 
ill  the  tirst  cost  of  propellers  ui  manganese 
bronze  and  those  of  steel  or  iron  is  recouj)ed  by 
the  saving  in  coal  and  spe<Hi.  Thus,  a  vessel, 
the  BaHamt,  on  a  voyage  to  Australia  and  back 
;^ave  the  following  record.  The  diameter,  pitch, 
iind  surface  of  the  propellers  wei-e  alike : — 


Material.         Spet»<l.  | 


C««l 
])er 
Day. 


IndicatcHl    I  Slip  of 
Horsepower,  j  Screw. ' 


Knoti 
Steel  blades'  12-11 


Brr»i 


12-3.5 


Tons. 

63-8 
5r)-0 


2,S28 
i>577 


'Percent 
I    131 

9-7 


These  figures  give  the  mean  for  the  cntii-e 
voyages.  They  show  an  increase  of  '24  knot 
j>er  hour,  and  a  saving  of  8-8  tons  of  coal  per 
<iay  by  the  use  of  the  manganese  bronze  pi*o- 
]>eller,  or  a  saving  of  715  tons  <m  the  voyage, 
<^iual  to  about  half  the  fii-st  cost  of  the  bnmze 
blades.  Propeller  blafles  of  bronze  alloys  do 
not  cornxle  as  do  those  of  iron  and  steel.  There- 
fore they  have  not  to  be  made  heavier  than 
necessary  in  order  U)  allow  for  re<luction  of 
weight  by  corrosion.  Moreover  being  scarcely 
liable  to  fi-acture  they  are  ma<le  lighter  than 
those  of  iron  and  steel,  so  lessening  the  strain 
on  the  stern  frame  of  the  vessel. 

Manganese  bronze  propellers  are  poured  at 
tlie  tips  of  the  blades,  and  the  scum  runs  and 
rises  into  a  head  over  the  l>oss.  Single  blades 
aiv  cast  vertically  with  the  tips  lowermost.  The 
metal  is  led  in  at  the  lx)ttoin  and  rises  to  the 
b«»ss.  Tlie  moulds  ai*e  blackened  with  kaolin 
instead  of  charcofil. 

BnUtup  Propellers. — The  earlier  jn'opellers 
like  many  made  now  were  c^ist  with  the  blades 
solid  with  the  l)oss.  But  experiences  of  delays 
du<»  to  broken  blades  hiis  led  to  the  general 
abandonment  of  this  practice  in  favour  of  casting 
the  blades  separately,  and  l>oltin^  them  to  the 
b*>ss.  The  flanges  and  lx»lts  ai-e  frequently 
cemented  over,  or  covei"e<l  with  sheet  metal  to 


form  a  smooth  outline.  This  is  from  two  to 
three  times  more  expensive  in  first  cost,  but  the 
fracture  of  a  blade  of  a  solid  propeller  will  cost 
much  more  in  the  delay  occasioned.  If  a  second 
propeller  is  not  carri(?d  as  spai*e,  several  weeks 
will  elapse  befoi*e  a  new  one  can  be  nia<ie  and 
fitte<],  and  the  vessel  may  have  to  be  dry  clocked. 
If  a  single  blade  is  broken  off  a  built-up  pro- 
peller, dry  docking  is  not  necessary,  a  lightening 
of  the  shij)  aft  being  sufficient.  More(»ver  an 
entire  spare  propeller  is  a  bulky  article  to 
carry,  and  awkward  to  attach,  while  a  single 
bhule  occupies  less  splice  and  is  easily  fitted. 

Fastenings. — The  fastening  of  a  propeller  on 
its  boss  is  effected  by  a  nut  and  keys.  The  nut 
must  be  threaded  in  the  opposite  hand  to  the 
rotation  of  the  propeller  to  avoid  risk  of  its 
working  loose.  The  keys  must  Ix^  fitted  well, 
or  they  will  work  loose,  or  Ijecome  sheared  off, 
which  has  often  happene<l.  The  fit  f»f  the  shaft 
in  the  bore  must  also  \ye  pei-fect.  The  weight 
of  a  propeller  is  so  great,  and  tlu*  stresses  to 
which  it  is  subjected  in  rough  seas  so  sevei*e,  that 
bad  workmanship  is  soon  evident.  The  bosses 
are  boi-ed  with  a  taper  of  from  1  in  12,  to  1 
in  18 — the  first  for  large,  the  second  for  pn>- 
pellers  of  ordinary  sizes. 

Decelopnieuts. — The  angle  of  the  tip  of  the 
blade  is  obUiined  readily  by  the  following 
m<»thod.  Set  off  the  centre  line  or  axis  of  the 
screw  as  a  horizontal.  On  it  erect  a  pei-peu- 
dicular,  of  length  equal  to  the  radius  of  the 
screw.  From  this  line  set  off  a  horizontal 
distance  on  the  centre  line  equal  in  length  to 
the    pitch,    divided    by    2t.      Thus,  horizontal 

length  =  ^    "^   .    The  hypotenuse  connwting  the 

horizontal  and  vertical  gives  the  angle  at  the 
tip.  For  angles  at  other  Ux'ations,  divide  the 
vertical  int^j  <»qual  distances  and  draw  lines 
thence  to  the  end  of  the  horizontal. 

The  metlnxl  of  setting  out  the  sections  <»f  a 
screw  propeller  will  vary  according  as  the  pitch 
is  that  of  a  true  screw,  or  of  one  with  increasing 
pitch,  and  whether  it  is  right,  or  left  handed. 
Tn  a  right-hand  propeller  the  upper  blade  turns 
from  left  to  right  when  l(H)ke<l  at  from  the  rudder 
end  of  the  vessel.  Fig.  .53  shows  the  development 
for  a  right-handeil  screw  of  true  pitch  drawn  for 
^\e  sections.     The  radial  section  is  drawn  first 
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to  give  the  blade  tliicknesa.  Then  a  horizontal 
line,  a-6,  is  drawn  through  the  axis  and  extended 
sufficiently  far  to  allow  of  setting  oflPa  proportion 
of  the  pitch.  As  the  radius  of  the  blade  is 
taken,  the  circumference  will  be  27r.  Therefore 
the  pitch  divided  by  27r  will  give  the  propor- 
tional length  c  of  the  pitch.  Or  if  the  pitch  is 
multiplied  by  the  reciprocal  of  27r,  the  result 
will  be  the  same.  In  a  pitch  of  say  12  ft.,  or 
144  in.,  the  length  c  would  equal : — 

— iii-  =  22-89  in. ; 

or,  144x0-159  =  22-89  in. 
Then  set  oflP  the  points  of  equal  division  on  the 
blade,  and  draw  lines  through  these,  c?,  <?,/,  [/,  A, 


drawn  through  a  point,  c?,  on  the  blade,  to  6  and 
6',  and  the  angles  which  these  lines  make  with 
the  axis  give  the  angles  .for  leading  and  after 
edges  respectively,  e,  e  repi'esents  the  width  of 
the  blade. 

Development  of  Sectioiis. — To  mark  out  these, 
proceed  as  follows : — The  section  througli  the 
middle  of  the  web  of  the  blade  and  the  boss  is 
drawn,  Fig.  57.  An  approximate  rule  for 
thickness  at  the  root  a  is  A  in.,  if  in  cast  iron, 
for  every  foot  in  diameter  of  the  propeller ; 
I  in.  in  steel,  and  y^  in.  in  gun-metal.  Thence 
the  thickness  tapers  down  to  the  tip,  where 
it  is  as  thin  as  is  consistent  with  safety,  or 
from  J  in.  to  1^  in.     The  boss  may  be  solid^ 


\- 
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Fig.  r)3. — A  True  Screw. 


Fig.  r)4. — Screw  witli  Pitch  Increasing 
from  Root  to  Tip. 
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Fig.  'm.— Screw  with  Pitch 
Increasing  Longitudinally. 


from  the  extremity  of  the  line  c,  which  will 
give  the  angles  required. 

In  the  case  of  a  pitch  increasing  from  root  to 
tip,  set  off  the  least  and  greatest  pitches,  Fig. 
54,  at  c  and  c  respectively,  obtained  as  just 
stated.  Divide  both  the  blade  and  the  distance 
between  h  and  6'  into  the  same  number  of  equal 
parts,  and  draw  lines  as  shown  connecting  these 
points,  so  giving  the  various  angles  to  the  blade 
sections. 

For  a  propel  lei    having   a   pitch   increasing 

longitudinally,   the  pitch   of  the  leading  edge 

and   that  of  the  after  edge  is  divided  by  27r, 

and  set  off  at  c  and   c'.   Fig.   55.     Lines  are 
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or  hollow.     The  development  of  the  blade    :^=\'! 
obtained  at  various  sections,   usually   varyiiMzr  tt 
from    four   to   six.     The    circumference    is  d-  ^^F 
veloped    to   a   definite   scale,    and    the    angl^  M. 
obtained  therefrom.     Divide  the  blade  lengt:^"-^ 
from    the    tip    to    near    the    boss    equally    f^- 
1,  2,  3,  4,  5,  6,  and  draw  lines  thence  to  met^»-^ 
the  point  b  on  the  axis,  Fig.  56,  obtained  a?^^ 
stated  in  connection  with  Fig.  53.     These  line 
will  give  the  angles  of  the  blade  faces  at  tho 
sections.     The  widths  of  the  sections  correspond- 
with  the  developed  blade  widths  at  those  loca»^ " 
tions,  that  is,  measured  on  the  true  width  o-^ 
the  blade  face,  Fig.  57,  1',  2',  3',  4',  5',  6',  anrf 
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are  marked  with  radii  fi-om  the  blade  centres 
as  shown,  Fig.  56.  The  width  of  the  blade  in 
the  plane  of  the  axis,  Fig.  57,  is  obtained  from 
the  edges  of  the  section  in  Fig.  56,  measuring 


Fig.  iia  Fig.  57. 

1>evelopment  of  Blades. 

horizontally  from  the  centre  line  and  setting 
off  f i-om  the  face  of  the  blade  in  Fig.  56  as  a 
centre  line.  The  thicknesses  correspond  with 
the  sections  of  the  blade  in  Fig.  56.  Ha\'ing 
the  widths  and  thicknesses,  i^wlii  are  adapted 
to  each  section,  giving 
the  shapes  as  indicated 
in  Fig.  56. 

Mta^nrxmj  Pitch.  — 
The  pitch  of  an  exist- 
ing screw  may  be  oh- 
tained  by  means  of  a 
Templet  termed  a  pitch - 
^»meter.  Tt  comprises 
two  strips  or  anns  ad- 
justable for  angle.  The 
"two  may  be  retained 
lifter  setting  by  screw- 
ing a  strip  across  the 
"fi-ee  ends,  or  a  iH»r- 
juanent  quadrant  piece 
may  be  fitted  to  clamj) 
the  arms  when    set,  as 

in  Fig.  58.  As  the  angle  of  a  bla<lc  \aries 
with  eveiy  difference  in  radius,  the  instrument 
takes  an  angle  which   is  correct  only  for  the 


position  in  which  it  is  set,  the  radius  of  which 
must  be  measured  at  the  time.  It  is  set  by 
sighting  one  arm  A  parallel  with  a  straight- 
edge, B,  laid  acn)ss  the  pi'Oi)eller  boss,  and  when 
this  is  parallel,  and  the  other  arm  c  is  in 
contact  \vith  the  face  of  the  blade,  the  arms 
are  clamped  by  the  quadrant  nut. 

The  radius  r  at  which  the  instrument  has 
been  set  is  measured,  and  the  circumference 
deduced  therefrom.  If  the  circumference  is 
laid  down  as  a  base  line,  and  the  angle  as  the 
hypotenuse,  and  the  perpendicular  measured, 
the  latter  will  be  the  pitch  of  the  screw.  Or 
if  the  circumference  is  laid  down  to  a  reduced 
scale,  the  height  of  the  perpendicular  will  give 
the  pitch  to  the  same  reduced  scale. 

The  pitch  of  a  propeller  may  be  taken  by 
measurement,  and  calculated  from  as  follows  : — 

Set  off  any  two  points  on  the  face'  of  the 
blade  as  at  Fig.  59,  a-6,  equidistant  from  a 
centre  line,  cd.  In  Fig.  60  draw  a  horizontal 
line  c?rf,  and  on  it  erect  a  perpendicular,  d-a, 
the  length  d-a  being  equal  to  the  height  from 
the  point  a.  Fig.  59,  plumb  to  the  face  of  the 
boss,  measui'ed  fi*om  a  straightedge  laid  acixws 
the  boss  face.  With  the  chord  length  ah  in 
Fig.  59  measui'ed  along  the  blade  face,  set  oft* 
a  length  Orb  in  Fig.  60.  Measure  up  the  dis- 
tance dh,  Fig.  60,  equal  to  the  plumb  height 


Fig.  .kS.  — Pitch(»iiietfr. 

from  the  point  b,  in  Fig.  59,  taken  from  the 
straighte<lge  laid  across  the  boss.  Carry  along 
a  horizontal  line,  a^.     Then  c-b  will  represent 
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the  difference  in  height  of  the  points  a  and  6 
in  Fig.  59,  taken  on  the  chord  length  a-6. 
Take  the  radius  c-a  or  ch  in  Fig.  59,  and  strike 
an  arc,  Fig.  59,  Urd-h^  from  centre  c,  correspond- 
ing with  a  chord  length  equal  to  a-6  in  Fig.  60. 
Take  the  length  of  this  arc,  and  measure  it  on 
a  horizontal  line,  set  up  the  length  h-c  perpen- 
dicularly at  one  end,  equal  in  length  to  the 
height  C'h  in  Fig.  60.  Then  the  length  of  the 
l)ase  line  is  to  the  perpendicular  as  the  circum- 
ference of  the  circle  described  with  the  radius  c-a. 
Fig.  59,  is  to  the  pitch  of  the  screw  propeller. 
A  neat  gi'aphic  methixl  of  obtaining  the  pitch 


Fig.  .v.).  Fig.  m. 

Mciisuriiig  Pitch  ui  Propeller  Blades. 

of  a  proi)eller,  without  involving  any  calculation, 
is  as  follows.  A  cii*cle  is  struck  on  the  boss  as 
large  as  possible  (the  hole  l)eing  plugged  for  the 
centi*e),  and  divided  into  twelve  equal  parts.  A 
straightiMlge  is  st»t  on  the  centre,  first  to  one- 
twelfth  piirt  division,  and  then  to  the  next  adja- 
cent, and  at  each  h)cation  the  depth  is  measui*ed 
from  the  straight^nlge  to  the  face  of  the  blade. 
The  ilitVei-ence  in  depth  i^ives  the  distance  cor- 
it\sjH»nding  with  the  angle  of  the  blmie  at  the 
nuiius  where  it  is  measui*e<i.  The  pitch  of  the 
pi*opt»Uer  in  fivt  will  be  equal  to  the  distance 
just  niwisurwl  in  inches.  That  this  is  tioie  can 
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be  easily  seen,  because  the  portion  of  the  pitch 
taken  corresponds  with  the  twelfth  part  of  the 
circumference  of  the  boss.  This  can  be  demuo- 
strated  thus : — Mark  off  the  twelfth  part  of 
the  circumference  of  the  boss  as  a  horizontil, 
and  at  one  end  erect  a  perpendicular  equal  in 
length  tc)  the  portion  of  the  pitch  just  taken, 
and  draw  the  diagonal.  Continue  the  hori- 
zontal to  the  entire  length  corresponding  with 
the  circumference,  and  continue  the  diagoniL 
A  vertical  connecting  the  two  will  give  the 
pitch  of  the  propeller. 

Eaximjdes  of  Propellers, — Figs.  61  to  63  illiLv 
trate  propellers  made  by  the  Pallion  En^'ine 
Works  of  Messrs  AVm.  Doxford  it  >k)ns,  Lt^. 

Fig.  61  shows  a  solid  right-hand  propeller, 
in  cast  iron,  16  ft.  11  in.  diameter,  and  17  ft 
3  in.  pitch.  It  is  shown  in  relation  to  the 
opening  in  the  stern  frame.  The  dimensions 
of  the  striking  plates  are  shown,  and  the  cnjhs 
sections  of  the  blades. 

Fig.  62  is  one  right  hand,  of  19  ft.  diameter, 
and  21  ft.  pitch,  the  blades  leaning  l>ackwank  » 
It  is  of  the  built-up  type,  the  blades  bein^'  of 
bnmze  bolted  to  a  CAst-iron  boss,  on  which  the 
pitch  is  made  adjustable.  The  taper  of  the  hole  U 
jf  in.  per  foot.   Points  to  note  are  the  followii^:— 

The  boss  a,  which  measui*es  3  ft.  6i  in.  acn^s 
the  flats,  and  3  ft.  9  in.  in  length,  is  recesjsed  »»u 
the  faces  to  receive  the  flanges  which  teniiiiiate 
the  blades  b.  The  metal  is  also  lightene<l,  not 
i»nly  to  reduce  weight,  but  to  ensure  a  S4mnfler 
casting,  /.e.,  less  liable  to  draw  in  the  thicker 
masses.  The  details  of  the  fitting  of  a  flange  are 
shown  at  c.  The  stud  holes  are  arbored,  and 
provision  is  niJide  by  slot  holes  fi>r  adjust in«:  the 
pitch  to  the  extent  of  j  in.  difference  in  the 
diameter  of  a  stud  and  the  length  of  it>  !»l»>t 
hole  in  the  boss.  A  stud  enlarged  is  shown  at 
D.  These  ai*e  of  Lowmoor  in>n.  The  nuts  are 
of  gun-metiil,  of  box  form,  to  protect  the  studs 
and  they  ai*e  prevented  from  slackeninir  Iwct 
by  a  small  set-screw  tai)ped  through  the  end  <»t 
the  nut  into  the  end  of  the  stu<l,  the  thn-ad 
l)eing  left  handed. 

At  E  is  shown  the  fitting  of  a  hollow  gland 
to  pi-otect  the  ncH:k  of  the  shaft  from  the  action 
of  the  sea  water.  The  ring  E  is  fitted  in  halves 
and  lx>It€d  together  thn>ugh  its  lugs,  encircling 
the  shaft,  and  it  is  attached  to  the  pn>peller 
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<ss  with  eight  tap  bolts  a  of  Muntz  metal, 
in.  in  diameter.  An  indiarubber  ring,  6,  is 
ted  in  a  recess  in  the  boss,  and  the  space 
closed  between  it  and  the  ring  e  forms  a 
How  chamber.  It  can  be  filled  through  a 
>le,  c,  on  removal  of  the  screwed  plug.  To 
isen  risk  of  fracture  of  the  boss,  it  is  bonded 
th  two  rings  of  wrought  iron,  f,  f,  shrunk  on. 
The  sections  of  the  blades  are  shown  adjacent 
one  of  the  blades.     Ample  dimensions  ai*e 


made  in  slot  holes  for  adjusting  the  pitch.  A 
stud  is  shown  at  d.  It  is  of  Yorkshire  iron. 
The  cap  nut,  of  brass,  is  secured  with  a  steel 
tap  bolt. 

The  brass  covering  plates  are  ^  in.  thick. 
They  extend  up  to  6  in.  from  the  flange  on  the 
front  side,  and  9  in.  from  the  flange  on  the  back 
side.  They  are  attached  with  J-in.  screws,  the 
heads  of  which  are  riveted  over,  as  shown  in 
the  enlarged  section  at  e. 


,•9- A 
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Fig.  61.— Solid  Propeller.     (Pallion  Engine  Works.) 


'en  on  each  section.  The  dimensions  are 
'en,  with  the  angles  for  the  guide  plates  for 
iking  the  mould  by. 

Fig.  63  shows  a  propeller  having  the  blades 
3ased  in  brass  to  prevent  corrosion.  The 
3S  A  is  of  cast  iron,  the  blades  B  of  cast  steel. 
e  diameter  is  18  ft.,  the  pitch  19  ft.  Tlie 
nges  of  the  blades  abut  against  the  1j<:)ss 
:es,  but  a  stud  registers  the  two,  so  that  the 
esses  are  not  thrown  entirely  on  the  Ixjlts. 
6  bolt  holes  are  shown  at  c,  and  pnjvision  is 
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Monldimj  Screw  Propellers. — There  are  three 
ways  in  whi6h  this  work  is  done  :  by  sweeping 
up  in  loam,  by  moulding  fix)m  cores,  and  from 
a  pattern.  The  first  is  adopted  for  large  castings, 
the  second  for  those  of  medium  or  small  dimen- 
sions, and  the  third  for  the  same,  and  for  repeat 
work. 

Loam  Moulds. — These  are  built  on  a  suitable 

plate.    Figs.    64    to   69,   a,  either   of   circular, 

or  segmental  form,  in  the  middle  of  which  a 

striking  bar  is  pivoted.    Divisions  corresponding 
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with  the  number  of  blades  are  made  on  the 
face  of  the  plate,  and  on  these,  sloping  beds 
have  to  be  bricked  up  rather  larger  than  the 
blades. 

The  plate  is  generally  levelled  in  a  pit,  and 
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Fig.  04.— Sweeping  Bed. 

the  work  dried  in  situ,  but  it  may  be  blocked 
up  on  the  floor,  and  lifted  bodily  and  run  into 
the  stove  for  drying,  this  being  suitable  when 
the  dimensions  are  not  very  large. 

The  first  stage  of  the  work  is  to  sweep  a 
thickness  of  loam.  Fig.  64,  b,  over  the  face  of 
the  plate  a,  with  a  board,  c,  to  form  a  level  bed 
on  which  to  build  the  subsequent  work ;  and  a 
central  stand  generally  on  which  to  build  the 
boss.  This  is  dried,  and  then  the  locations  of 
the  blades  are  marked  out  on  it.  Fig.  65, 
starting  from  one  edge  of  each  blade  equi(]is- 


Fig.  65. — Plan  of  Bed  marked  out. 

tantly  from  each  other.  Following  this  first 
stage  comes  the  sweeping  up  of  a  dummy  boss, 
unless  alternatively  a  wooden  boss,  or  one  in 
loam  is  built  up  to  encircle  the  sweeping  bar. 
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A  loam  boss  can  be  swept  up  as  in  Fig.  66,  D, 
with  a  board,  E,  and  dried.  Or  against  a 
board  as  in  Fig.  67.  Hay  bands  are  wound 
round  the  bar,  and  the  loam  daubed  on  them. 
The  bar  can  be  slid  out  endwise,  and  the  hole 
left  encircles  the  bar  which  is  used  to  strike 
up  the  blades.  The  loam  boss  is  thus  used 
precisely  as  a  wooden  one  is.  If  the  boss 
pattern  is  swept  up  in  place  with  a  board 
attached  to  the  striking  bar,  Fig.  66,  this 
may  be  done  at  the  present  stage,  or  after  the 
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Fig.  66. — Sweeping  Boss. 

beds  have  been  prepared  for  the  blades.  If 
afterwards,  a  space  must  be  left  between  the 
beds  and  the  boss  to  allow  room  for  the  boss 
board  to  be  swept  round.  But  if  the  boss  is 
swept  as  in  Fig.  66,  a  little  space  between 
the  termination  of  the  bricks  next  the  boss, 
and  the  boss  will  be  left  to  be  made  good 
with  loam.  The  subsequent  operations  are  lus 
follows : — 

The  angle  of  the  blades  is  obtained  from  a 
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Fig.  67.  -  Sweeping  a  Boss. 

templet,  a,  Fig.  68,  which  controls  the  movement 
of  the  sweeping  board.  This  is  either  of  sheet 
iron  having  its  edge  cut  to  the  angle,  and  l^ent, 
or  is  framed  of  wood.  As  the  sui*face  of  a  screw 
blade  is  composed  of  radial  planes,  the  working 
edge  of  the  sweeping  board  is  a  straightedge, 
swept  over  the  inclined  edg^  of  the  templet. 
The  weight  of  this  is  often  counterbalanced  by 
a  weight  suspended  from  a  cord  over  a  pulley. 
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Sometimes  a  plain  straightedge  is  used,  and 
then  two  templets  are  required,  one  being  next 
the  boss. 

The  brick-work.  Fig.  69,  h,  is  built  up  over 
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Fig.  68.— Shows  Method  of  Striking  Sloping  Faces. 

as  many  areas  as  there  are  blades,  whether 
three,  or  four,  and  is  large  enough  to  leave 
room   for  jointing   the   copes.     It   is   roughly 


Fig.  09.  -Plan  of  IJricks  and  a  Cope. 

triangular  in  outline,  and  is  sloi)ed  approxi- 
mately to  the  angle  of  the  screw  blades.  Fig.  70. 
It  is  built  of  a  hollow  form  to  enclose  a  large 


Fig.  70.— Elevation  of 
Hricked-up  Bed. 


quantity  of  cinders,  and  a  space  is  left  as  just 
stated  next  the  boss  for  a  thickness  of  loam, 
the  allowance  for  which,  together  with  that  to 
go  on  top  of  the  bricks,  between  them  and  the 
edge  of  the  board  may  range  from  1  in.  to  \\ 
in.  The  cinder  area  will  have  been  first 
covered  over  with  loam  bricks,  or  lumps  of 
broken  loam. 
Plenty  of  thick- 
ness is  left  at  the 
joints,  and  the 
loam  used  is  coarse 
and  stiflF.  After 
the  whole  has  been 
allowed  to  stiffen 

for  a  few  hours,  the  final  sweeping  of  the  faces 
is  done  with  finer  loam. 

The  convex  faces  of  the  blades  are  obtained 
by  means  of  the  templet  strips,  the  development 
of  which  is  given  on  the  shop  drawings.  Figs.  61 
to  63.  These  are  cut  in  wood  (sometimes  in 
lead),  and  laid  on,  and  prevented  from  shifting 
by  nails  on  each  side  going  into  the  loam,  or  they 
are  do  welled  on  the  faces  which  have  been  just 
swept  up.  The  locations  of  the  templet  sections 
can  be  quickly  marked  by  using  an  arrange- 
ment which  embodies  the  principle  of  the  long 
toothed  gauge.  A  block  is  fitted  to  slide 
radially  along  the  striking  bar,  and  in  a  groove 
on  one  face  of  this  a  vertical  gauge  rod  is  slid 
up  and  down  to  accommodate  its  lower  pointed 
end  to  the  slope  of  the  blade.  Being  moved 
by  the  central  bar  in  an  arc  of  the  circle  the 
lines  are  drawn  concentrically. 

By  the  lines  thus  drawn  on  the  face  of  the 
swept-up  bed,  the  templet  strips  are  laid,  and 
secured  in  place,  as  stated,  with  nails  driven 
in  (m  each  side.  The  spaces  are  filled  up  with 
sand,  and  strickled  off,  and  dried  and  dusted 
with  parting  sand  in  readiness  for  the  laying  on 
and  loaming  of  the  tops. 

The  tops  are  next  rammed  on  the  convex 
faces  so  prepared.  They  are  open  grids,  formed 
of  bars  cast  or  bolted  together,  making  a 
structure  which  follows  roughly  the  outlines  of 
the  blades.  They  may  be  cast  solidly  as  in 
Fig.  C9,  or  built  up  with  separate  ribs.  Fig.  71. 
The  backs  of  the  blades  having  been  dusted 
with  parting  sand  are  covered  with  a  coat  of 
loam.     The   grids  have   the   spaces  filled  with 
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loam  blocks  set  in  loam,  and  the  faces  are 
loamed  over  and  laid  on  the  coatings  spread 
over  the  convex  faces,  and  pressed  down  until 
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Fig.  71.— Cope  Grid. 

the  loam  amalgamates.  Then .  they  are  dried 
and  lifted,  the  moulds  parting  at  the  sand 
joints.  The  dummy  strips  and  sand  forming 
the  pattern  blades  are  removed,  and  the  faces 
below  cleaned,  blackened,  and  dried,  the  copes 
being  treated  similarly,  and  the  mould  put 
together  for  pouring.  In  some  cases  a  ring 
encircles  and  lies  on  the  tops,  being  weighted 
to  keep  them  down,  Fig.  72.  Plenty  of  sand  is 
shovelled  and  rammed  around  the  bars  and  tops. 
Pouring  is  done  in  the  boss.  In  other  cases 
the  copes  are  bolted  down  to  the  bottom  plate, 
through  lugs,  in  the  manner  shown  in  Fig.  69. 

Pattern  Blades. — One  way  of  making  these 
is  to  sweep  up  a  bed  as  though  for  a  mould, 
because  it  is  an  easy  way  of  getting  the  exact 
shape  of  the  flat  faces.  On  this  the  pattern 
blades  are  fitted  with  planes.  When  they 
make  close  contact  their  faces  are  accurate,  and 
from  these  it  is  easy  to  work  the  convex  faces. 

More  often  the  pattern  blades  are  made  by 
building  up  in  thicknesses  of  stuff.  In  this 
way  a  single  blade  can  be  worked  and  put  in  a 
core  box.  Or  its  boss  can  be  made  complete 
and  bored  to  fit  over  a  central  bar,  around 
which  it  is  shifted  to  three  or  four  equidistant 
localities  in  succession  to  be  rammed  up. 
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Patterns  are  built  up  in  the  following 
manner: — A  diagram  of  the  screw  can  be 
made  by  the  method  of  equal  division,  and 
from  this  the  angle  at  the  tip,  and  that  next 
the  boss  can  be  obtained.  Or  the  length  of  the 
circumference,  and  the  pitch  can  be  marked 
out  as  a  right-angled  triangle,  and  the  angle 
at  the  tip  and  at  the  boss  obtained  by  marking 
diagonals  at  the  latter  corresponding  with  the 
length  of  the  circumference  of  the  boss.  An 
end  view  of  the  blade  is  now  drawn,  giving  the 
angles  at  tip  and  boss,  and  the  depth  divided 
into  any  convenient  number  of  equal  parts 
ranging  say  anywhere  between  |  in.  and  1 J  in. 
The  edges  of  the  strips  are  cut  as  guides  for 
subsequent  working  by  after  they  have  been 
glued  up. 

In  building  up  strips  to  form  blades,  the  face 
from  which  work  is  begun  is  the  flat  face,  against 
which  the  thrust  is  taken.  This  is  radial.  Hence 
the  corresponding  edge  of  each  strip  of  which 
the  blade  is  built  up  is  planed  straight,  and  set 


Fig.  72.  — Plan  of  Closed  Mould. 


radially  in  spiral  staircase  fashion.  Enough 
stuff  is  left  in  breadth  from  which  to  cut  the 
blade  thickness.  The  radial  edges  are  set  from 
the  drawing  to  give  the  correct  angle,  and  are 
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superimposeti,  s^j  that  when  the  nquare  e^lge.s 
are  cut  away,  &.nd  the  surfaces  retlucwl  tlown 
to  the  joitit^  the  flat  fac^e  of  the  web  will  be 
correctly  develcjpetl.  ^Vfter wards  the  shape  uf 
the  other  face,  am)  the  con'ect  sections  ai^e 
iinpartetl  hy  cuttiTi^  them  by  templets. 

The  ntimber  of  blades  iii  a  screw  only  aftects 
the  method,^  of  building.  The  mdial  edges 
«jie  set  similarly  in  either  caae.  But  with  two 
bladeii,  the  opposite  blades,  with  the  b^iss,  are  in 
continuoua  pieces.  With  three  blades^  joints 
are  made  at  the  bossj  end  of  1^0°  of  angle. 
With  four  blades,  the  strips  cross  with  half- 
lap  joints  at  the  centre. 

A  single  pattern  blade  rammed  in  a  core  box, 
and  the  cores  laid  in  their  proper  i^elations  in  a 
circkj  m  a  method  which  resembles  so  far  the 
method !$  by  wkich  t\w  arms  and  bosses  of  a 
flywheel  are  often  made  in  coras.  The  plan 
angle  of  the  boas  segment  is  i>btaine<l  by  block- 
ing fitted  in  the  box,  as  in  flywheel  cores. 
The  cores  are  made  in  two,  top  and  Ixyttom, 
built  on  gridji,  and  divided  n^untl  the  mlges  of 
the  pattern  blade. 

Fig.  73  show^s  a  coi'e  box  for  making  a  faur- 
bladed  propeller  by  means  of  cores.  Aft^»r  a 
core  has  been   made,  the   box   m  parted   and 
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Fig.  7-^.— Core  Biix 
with  Grid. 


removed  from  the  core  and  the  latter  dried, 
de&ning  up  and  blackening  follows.  Then 
the  cores  are  laid  out  eqnitlistantly  on  a  level 
bed,  and  all  ramme«l  njund  with  sand  to  prevent 


them  frnoi  shifting,  Fig.  74,  A  plain  cope  is 
rammed  ami  laid  over,  and  the  pouring  basin 
and  ingiites  m^tde  over  the  boss. 

Screw   Shaft.  ^ — The   propeller   shaft   of    a 


Fig.  T*^— Plan  of  Closed  Mould* 

vessel.  It  passes  through  and  is  enclosed  by 
the  stern  tube.  It  is  made  in  convenient 
lengths,  and  united  with  solid  flanged  couplings. 
The  propeller  is  attached  to  a  tapered  end,  and 
secured  with  a  nut.  Eml^^ng  pressure  is  taken 
by  thrust  collars,  and  bearing  blocks,  Shafts 
which  were  once  made  solidly  of  wrought  iron, 
are  now  of  fluid  compressed  steel,  and  of  hollow 
sections. 

Screw  Thread  Milling— This  is  an  opera- 
tion which  has  Ijeen  deveiofted  in  a  high  degree, 
largely  in  consetjuence  of  the  demands  for 
accurate?  worm  geai"s  for  electric  drives.  But 
it  has  been  extended  to  include  long  screws  as 
nearly  square-threaded  an  can  be  cut^  suitable 
for  lead  screws,  rock  drilla,  thrust  screws,  ttc. 
Hie  *u] vantages  of  thip^  rnethtxl  of  cutting  o%'ei* 
tlmt  done  in  the  lathe  with  a  single-edged  tool 
are  that  les.s  time  m  required,  and  a  less  skilful 
operator,  the  wurk  may  be  made  interchange- 
able, and  that  one  traverse  only  is  necessary. 

Mfinj^  vear&i  ago  screw  threads  were  occa- 
sionally nulled  in  the  screw-cutting  lathe,  using 
an  overhead  motion  for  imitating  the  cutter. 
But  thisi  is  only  a  makeshift  device^  and  as 
such  wan  adopted  only  when  great  accuracy  was 
imperative.  But  the  first  machine  made  by 
wbich  livng  sjcrews  could  l>e  milled  commerci- 
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ally,  is  apparently  that  invented  by  H.  Liebert, 
and  made  by  John  Holroyd  k  Co.,  Ltd.  From 
the  original  type  numerous  forms  have  grown, 
suitable  for  all  classes  of  thread  and  screw 
cutting.  Some  other  firms  have  also  made 
machines  designed  more  especially  for  the  work 
of  cutting  worms.  We  will  now  note  the 
leading  characteristics  of  this  important  group 
of  machines  which  have  become  essential  in 
many  shops. 

The  Liehert  Machine^t. — 
These  are  built  after  two 
principal  models — one  may 
be  termed  the  lathe  bed 
type,  the  other  the  milling 
machine  design. 

In  the  lathe  type,  a  long 
l>ed  is  carried  on  two  or 
three  legs,  one  of  which 
to  the  right,  Fig.  75,  is 
utilised  as  a  cabinet.  Over 
this  is  the  cutter  headstock 
A  with  its  slides.  At  the 
other  or  left-hand  end,  a 
fixed  head  or  gear  box,  b, 
carries  the  feed  gea.i's  con- 
nected to  the  feed  spindle, 
and  by  change  gears  to 
the  lead  screw  which  runs 
along  the  centre  of  the  bed. 
Between  this  box,  and  the 
cutter  headstock  is  a  car- 
riage and  head  L  movable 
along  the  bed  carrying  the 
work  spindle,  which  is  hol- 
low, and  through  which 
the  bar  to  be  screwed 
passes.  A  two -jawed 
chuck  on  the  spindle  nose 
grips  the  work.  Tlie  feed 
rod  is  splined.  At  the 
roar  end  it  carries  the  first  change  wheel 
whicli  coiresponds  with  the  mandrel  wheel  of 
a  conmion  lathe.  A  quadrant  or  swing  phite 
swivels  on  the  end  of  the  lead  screw,  which  is 
situated  in  the  centre  of  the  bed,  and  l>etweeii 
these  the  change  gears  are  set  up  in  the 
ordinary  way  to  impart  the  required  pitch  to 
the  screw  to  be  cut. 

The   cutter   headstock    A   has   provision  for 
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i^elfeeting  all  the  niavemeiit?*  of  the  millin*^  euttt^r, 

IThe  t.'^utter  a  is  CArneii  by  a  hHrfletie<i  steel  spindle 

ru n n i n <^'  i ii  eouicrt  1  I )ea ri n gH^  ami  d ri ve n  t h roug! i 

11      gt'firs^   ^rom  a   uone  pulley,   with  tme,  or   t^u 

^Hvpeeds.     The  hejidst.oek  has  proriisuin  by  hand- 

"  wheel  h  for  adjust  me  iits  in  the  vertical  directioni 

itnd  by  hand -wheel  f?  in  the  tranKvei*se  dii'eetioii, 

the  latter  to  bring  the  cutter  ux^r  the  centre 

fif  the  work.     The  ^spindle  can  l^e  swung  tt>  any 

angle  up  to  25^  with  the  screw  whicli  m  being 

niillefl,  and  to  either  haud^  so  that  right  or  left 

hand  tlu'eads  can  be  cut*     A  scale  \^  furnished 

at  the  back,  ^  for  setting  the  angle  by.     The 

angles  ai*e  fouuil  by  meann  of  an  insjitrument 

called  an  angle  ftndei*,  which  is  deseiilied  at  the 

*'nd  of  this  article,  and  whieh  U  suppUetl  with 

each  machine. 

llie  feed  is  effected  from  a  stepped  cone 
fmlleyT  P,  rl riven  from  its  own  c^mntershaft  seen 
ttbfiie,  Fig,  75, 

ttft  driven  a  pinion  which  engages  with  either 
e  of  five  gears  in  a  nesit,  e,  through  the  feed 
ange  lever  *\  Thence  mitre  geai^^/' drive  the 
wunn  gear  f/  on  the  aplined  feed  s^haft  f.  A 
clutch^  A,  is  fitted  by  which  the  feed  m  aut4>matic- 
«lJy  knocked  out  by  the  rod  «  w  ith  dogs  in  front 
of  the  lie(i  TlieiT  is  also  a  set  of  quick  re  vers- 
ing  wheels. 

The  feed  rod  f  drivers  the  change  geai"s  to  the 
H,  and  also  the  splined  ^^^r  j^  which 
with  the  gear  K  at  the  end  of  the 
hoUovv  headstofk  spindle  in  the  traversing  head 
L.  As  lx>th  the  notary  and  forwaitl  feeds  are 
obtained  from  the  shaft  f,  a  uniform  feed  is 
secured  foi*  the  various  pitches,  and  diameters 
of  work.  A  chuck,  M^  is  secured  t^o  the  front  of 
the  hollow  spindle  to  grip  the  work.  The 
spindle  is  8  in.  diameter  and  has  a  hole  6 J  in* 
dianietei*  through  it.  It  is  driven  from  wheel 
K,  tlirough  a  driving  or  latch  plate  \  keyed  on 
^—ihe  spindle,  the  geiir  wheel  revolving  on  an 
^Hbc tension  of  this  plate,  A  latch  is  fastened  to 
the  wheel,  )A.iMi\  lies  in  one  of  se^'cral  slots  cut  on 
the  ^%^  of  the  plate*  A  number  of  slots  are 
providetl  for  cutting  multiple- threaded  screws 
without  the  trouble  of  marking  pfisitions  on 
gears. 

The  work  is  sujyported  directly  against  the 
^—pressure  of  the  cutter  on  a  stay,  which  consists 
^Krf  a  pair  of  hoHKonUit  slides  o,  moved  In  and 


out  by  a  right  and  left  hand  sei'ew.  Between 
the  two  [>airs  of  vee  blocks,  either  an  orditiaiy 
e< ini pou  nd  lathe  t^itol  slide,  o r  a  p r o Bl i ng  i ■  u t  \ er 
headstock  can  l>e  placed  A  pump  for  lubrica 
tion  is  supplied,  and  a  se|iarate  countershaft,  % 
for  driving  it,  n  is  the  hand- wheel  for  mpid 
a*ljustment  of  the  traveller  hcMl  L*  s  is  a 
swivel  plate  for  a  comj>enaating  an^aiigement. 
;'  is  a  handle  wluch  provides  a  quick  withdrawal 
t-o  the  cutter  head,  k  is  a  screw  which  provide.^ 
fine  adjustment  for  depth  tjf  cut ;  ?,  I  are  belt 
guide  rollers.  This  machine  will  take  work  up 
to  6  in,  diameter  and  5  ft.  long  at  one  setting. 
There  is  a  st-ay,  P,  for  long  bai-s.  The  pitiih 
may  be  varied  from  y^^^  in.  to  2  in. 

One  machine  by  this  firm  is  designed  for 
large  drums  and  worms  up  t*>  1 2  in.  diameter. 
In  this,  the  cutter  headstix-k  is  carried  on  an 
extension  bracket  and  standartl  at  one  end  of 
the  bed.  Except  in  details,  rendered  necessary 
by  the  more  massive  character  of  the  work^ 
the  machine  follows  the  lines  of  the  lath© 
design. 

The  tyj>e  of  machine  just  describtM:!  will  take 
1:wii's  o£  any  length  through  the  hollow  spindle. 
But  for  short  sei^ws  regulnrly  done,  the  pillar 
milling  machine  tyi>e  is  designed.  In  this  the 
pillar  cfl-rries  the  heatlstock  on  top,  and  the 
knee  carries  the  work  slides.  The  cutter  spindle 
passes  through  a  hollow  shaft  on  which  the 
stepped  driving  cones  are  mounted.  The  outer 
end  of  the  driving  spindle  is  cari-ied  in  a 
conical  bearing  on  an  outer  support  which  is 
attached  to  the  overhead  arm.  In  order  that 
this  support  shall  be  always  kept  close  to  the 
cutter,  a  i-ack  and  pinion  are  provided  for 
adjusting  the  spindle,  the  outer  support^  and 
the  top  arm  horizontally. 

The  knee  receives  t!ie  carriage  mechanism, 
comprising  the  swivel  and  cross  slide-s,  the 
swivel  for  setting  to  the  angle^  correspt>nding 
with  the  pitch  of  the  thread,  and  the  cn>ss 
slides  for  bringing  the  work  centrally  under 
thcj  cutter.  The  carriage  niounted  on  the 
swivel  slide  has  a  spindle  and  chuck  for  holding 
the  work.  At  the  opposite  end  of  the  spindle 
is  mounted  the  first  wheel  in  the  change  gear 
train.  The  gears  are  connectetl  through  a 
quadrant  plate  to  the  lead  screw,  having  its 
l^carings  on  o  e  aide  of  the  swivel  slide*     Tliia 
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connecti<.in  is  made  throagU  a  wheel  on  the  end      giving  six  changes  through  worm  gearing  and 
of  a  splioed  shaft  in  the  centre  o£  the  slide,  the      mitres   to   the   splined  shaft.      The  gea^rs  are 
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TKe  Pitch   of  a  Bcraw  Is  ^the   distance  from  the  centi»6  of  on# 

thread  to  the  centre  of  the  next. 
The   LEAD  of  a  screw   ^  the  Pitch   X  number  of  starts  or  tha 

distance  the  nut  travels  alonft  the  screvtf  in  one  revolution. 

Fig.  70. — Scixiw  Angle  Finder, 

wheel  beinjNf  of  equal  si7jp  with  that  \n\  the  end  releasetl  by  a  knock-out  motion  when  the  thread 

of  the  work  spindle.     The  feed  to  the  work  is  has  lieeu  cut  up  to  the  leu'^'th  ret^uirech 

transmitted  from  a  double  set  of  cone  pulleys,  The  cutters   used  on   those  machines   have 
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teeth  on  three  edges,  and  are  u  so  ally  either 
2|  in.  or  3^  in.  diameter,  each  sisse  being  made 
from  ^^^  in.  tu  i  in.  wide.  For  worm.s  and  Acme 
threads  a  special  range  of  cutters  in  higli  speed 
steel  m  made.  Besides  these,  cuttens  for  half- 
round  threads,  and  the  commoner  Whit  worth 
threads  are  supplied. 

Me^^rs  Holroyd  have  a  sci'ew  an«^le  finder 
deiiigned  by  Mr  Vincent  Gartside,  by  which  the 
angle  to  set  the  cutters  by  c^an  be  read  by 
ijisp€*ction.  It  is  shown  to  a  shghtly  reduced 
ftcale  in  Fig,  76,  Tlie  diameters  of  serewss  in 
inches  are  given  around  the  upper  part  of  the 
fixed  scale,  and  range  from  J  in.  to  1 0  in.  The 
leads  of  the  screws  in  inches  are  given  around 
the  upper  part  of  the  rotating  scale,  which  is 
pivoted  in  the  centre  of  the  outer  fixetl  tsc^le. 
Theae  range  from  one  to  eight  threads  per  inch  to 
the  left,  and  from  1-in.  pitch  to  10-in.  pitch  to  the 
right.  Ekich  of  the  major  divisions  is  conven- 
iently subdivided.  The  Uttd  it  may  be  stated 
I  is  the  equivalent  of  the  pitch  in  a  single- threaded 
worm,  or  screw,  But  in  multiple- threaded 
wuriiis  it  means  the  pitch  of  one  thi'ead^ — the 
€iJtlal  pitch ^as  distiiiguishe<:i  from  the  pitch 
measured  from  centre  to  centre  of  the  a<ljacent 
multiple  threads.  In  a  three-threaded  worm 
I  the  leatl  would  be  three  times  the  pitch  of 
tt«ljacent  tln^ads. 

lAX)king  at  the  instrument  as  it  stands  in 
3Ct*i\>  poaition,  it  appears  that  f<jr  any  one  com- 
bination shown,  the  angle  indicated  by  the 
pointer  is  the  iiame,  17 1*.  By  turning  about 
and  setting,  say,  l*in.  leatl  opptjsite  2  in*  dia- 
meter, the  angle  required  is  9\  And  the  same 
for  two  tlireads  on  1  in,  diameter,  or  a  2  in,  pitch 
on  4  in,  diameter,  and  sevei'al  others.  Betting 
four  threads  per  inch  on  1  in,  dia meters  the  angle 
is  4 J'*  And  the  same  with  two  threads  on 
2  in.  diameter,  or  eight  threads  on  J  in.  diameter. 
A  long  lead  or  pitch  of  3  in,  on  1  in*  diameter 
give^  43 J', 

Th^.  Prait  d'  Whitne^j  Machin^.^Tiie  thread 
milling  maehinedesigneil  by  the  Pratt  \k  Whitney 
Co,  is  built  on  original  lines^  is  very  compact, 
and  in  the  various  sizes  and  mcKlifications  in 
which  it  is  manufactured  wilt  cut  all  kinds  of 
threads,  and  worm  and  spiral  gears.  In  the 
whole  range  of  six  machines  made,  diameters 
up  to  12  in.,  and  lengths  up  to   132  in.  are 


indude^i.  The  snuiller  machines  are  mounted 
on  a  t^binet  bjise,  surmount<*d  by  a  pan  which 
eompletely  surrounds  the  working  ijeil*  The 
Iiirger  ones  ai^^  of  lathe  design,  that  is  with  a 
lai'ge  l^ed  mounted  on  leg». 

The  construction.  Fig.  77,  Plate  V,,  is  as 
follows  : — The  head  and  tail  block  are  carried 
on  a  flat  way  at  the  fmiit,  and  on  a  single 
vee  at  the  back  of  the  bed.  The  wurk  is 
gripped  by  a  oollet  In  the  hea<lstock  spindle^ 
and  on  a  centre  in  the  tailHt*K-*k,  Or,  in 
the  case  of  work  larger  than  the  centi-es  will 
take,  the  tailstock  is  hollow,  and  Btted  ^ith 
bushings  to  pass  the  work  through.  The 
carriage  of  the  cutter  head  I'ests  on  flat  ways 
at  front  and  btick  of  the  machine^  and  is  gibbed 
at  the  rear.  The  arbor  of  the  milling  cutter  ia 
mounted  in  a  head  which  is  connectai  to  the 
cross  slide  of  the  carriage  by  ti'unnifm  l^earings, 
which  permit  t*f  setting  the  cutter  to  any  angle 
rec[uired  for  threads  of  various  pitches.  The 
centre  of  the  cutter  is  always  in  the  same 
horizontal  plane  as  the  screw  to  be  cut.  Tables 
are  provided  for  all  angles  rei|uired  f*>r  standard 
pitches,  one  of  the  trunnions  being  graduated. 
To  set  the  correct  depth  of  cut,  there  is  a 
nucronieter  head  on  the  cross-slide  screw  isf  the 
carriage.  The  work  having  been  prepare*!  to 
size  elsewhere,  and  put  in  the  machine*  the 
cutter  is  brt»ught  up  to  the  cross -slide  .screw, 
until  one  ttMjth  of  the  cutter  is  brought  into 
contact  with  the  work,  when  the  micrometer  is 
set  to  zero.  The  carriage  is  then  run  along 
until  the  cutter  clears  the  end  of  the  work, 
when  the  cutter  is  fed  inwards  by  the  micro- 
meter  cross-feed  screw  to  the  eoii'cct  depth 
corresponding  with  the  pitch,  for  which  a  table 
is  provided,  and  the  cross  sli<le  is  then  clamped 
in  readiness  for  cutting. 

Tlie  pitch  is  obtained  by  change  gcai-s  and 
leikd  screw,  the  latter  being  within  the  bed, 
Stfjps  adjustable  on  a  I'od  knock  out  the  cut  at 
a  predetermined  pciint,  and  in  either  di action, 
right  or  left.  The  carriage  can  be  run  along 
independently  of  the  change  gears  by  turning 
a  crank,  operating  worm  gear  at  the  Imck  of  the 
carriage,  which  rotates  the  nut  of  the  lead  sci'ew. 
The  cutter  can  thus  be  set  to  begin  the  thread 
at  any  locality.  Or  it  can  be  reset  at  its  proj^er 
place,  if  it«  withdrawal  for  any  purpiise  should 
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\w  iiL^cefeisary.  Wlieii  thf  carriage  has  been 
ItKiat-ed,  tlie  nut  ia  lucked  in  p<>aiti*in  by  a  lever, 
ati  that  no  movertient  of  the  carriage  can  taka 
pifiee  except  by  the  lead  screw.  The  lead  screw 
has  aix  threads  per  inch,  but  for  cutting  thi^eads 
over  2  in.  pitch,  and  spiral  gears^  a  coarser  screw 
is  recommended  a.H  a  duplicate,  which  can  be 
changed  in  ten  iidntites.  A  metric  lead  screw- 
can  he  supplied,  or  translating  gears  for  metric 
to  English  threads,  or  "vim  t'^rm. 

Bdi  DriiHitff  M^i^^tem. — Both  the  cutter  head 
and  tlie  feed  ai*e  driven  by  one  belt  uf  i!i  in. 
width.  A  thi-ee-grade  cone  pulley  is  mounted 
on  the  !iead  of  the  spUned  driving  shaft  which 
driven  the  head  spindle  through  the  various 
ratios  of  gearing  in  the  feed  gear  box,  and 
drives  the  cutter  liead  through  the  vertical 
telescoping  shaft  ant  J  bevel  gears.  This  arrange- 
ment provides  three  speeds  for  the  cutter,  to 
compensate  for  different  dianieters  of  cuttertf 
and  the  varying  quality  of  stock  to  be  milled, 
and  alsfj  reduces  the  liability  to  damage  of  "work 
or  entter  by  the  failui*e  of  a  belt,  T}ie  pump 
and  quick  return  for  the  carriage  are  driven  by 
separate  belts. 

Spindle  Speed^^.^'The  necessary  variations 
in  spindle  speed  are  obtained  by  means  of  a 
i(ear  box  at  the  rear  of  the  machine.  By 
H^liifting  two  Je%*ers,  one  of  which  has  six  pt»si- 
tions  on  its  dia!,  and  the  other,  three,  eighteen 
changes  of  ^peed  are  obtained  in  geometrical 
pi'ogression  for  each  of  the  three  speeds  of 
the  driving  pulley.  This  gi^  e^i  a  total  of  fifty- 
four  changes  of  speed  available  for  either  the 
spindle  drive  or  the  lead  scitw  drive. 

A  reverse  clutch,  opera te<i  by  a  knob  at  the 
rear  of  the  gear  box,  makes  the  entii*e  range  of 
speetls  available  in  either  dh-ection,  for  right  or 
left  hanfl  threads,  as  may  be  necessary.  These 
sp»3eds  will  lie  found  .su  the  lent  to  meet  all  re- 
quirements from  fine  threads  on  screws  of  J  in. 
in  diameter  to  wx^rk  6  in.  in  diameter. 

There  are  tivo  changes  on  the  countershaft, 
and  two  on  the  two  stepped  friction  cone  on 
which  the  main  driving  belt  runs. 

Though  the  spindle  is  driven  in  doing  ordi- 
nary work,  yet  when  tli reads  of  steep  pitch,  say 
of  1  in.  lead  and  upwards,  have  to  he  cut,  tlie 
driving  can  be  done  on  the  lead  screw,  back- 
wards, aa  turners  do  in  cutting  steep  pitches  on 
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common  lathes.  11  le  si^ty-four  changes  jw*! 
named  are  available  alike  on  lead  sci'ew-  and 
spindle. 

The  method  of  indexing  for  cutting  multiple 
threads  and  spiral  gears  is  done  by  means  of  a 
compound  spindle,  comprising  an  onter  liollow 
spindle  embracing  an  inner  hollow  spindle.  Tlii> 
first  carries  the  driving  mechanism,  and  tlie 
spindle  gear,  the  second  the  nose  piece  and  c<jlli?fc 
for  gripping  the  work,  and  also  a  notched  index 
ring  with  forty-eight  nofcches ;  but  index  rijip 
up  to  sixty  notches  are  supplied.  A  pawl  on 
the  outer  spin  tile  engages  with  the  notches  on 
the  inner  one,  and  locks  the  two  together.  To 
index  tor  a  given  thread  the  pawl  is  released 
from  the  notch  in  wdiich  it  happens  to  be  en- 
gaged, and  the  inner  spindle  is  turned  through 
such  a  fraction  of  a  revolution,  measured  on  the 
not^^hes  as  1  is  of  the  multiple  thread  (or  the 
numlier  of  teeth  in  the  gear  to  be  cut)j  and  the 
paw4  di'opped  in  place  again. 

The  cntt-GTs  used  are  stiiggered  t*>  right  aud 
left,  that  is,  each  tooth  with  one  exception  Im 
but  one  cutting  edge,  alternating^  with  it* 
fellows  adjacent.  The  exception  is  that  nf  out* 
tootli  which  is  left  of  full  mie  for  the  purpos*?  '^ 
gauging.  The  regular  gear  cutters  are  enij>loy(^i 
lor  spiral  threads.  A  steiady  rest  is  provifM 
with  bushings  to  support  the  smaller  stMvws  in 
opposition  to  the  cutter.  The  formuln  ft>f 
obtaining  angles  for  setting  the  cutter  hwi'l 
by  is— 


{Outside  diamt^ter  -  depthl  x  3*1416 


=  TEng^fttuf*n(fl'^ 


Figs,  78  ^nd  79,  Plate  Y.,  illustrate  tlie  eupi 
bilities  of  the  machines,  the  first  being  a  duubli^ 
thi^adeii  screw  of  large  diameter,  the  stM'onti  * 
spiral  spring,  cut  from  tube. 

Intf^rFial  Thnmdif. — These  have    lx>en  iirillwl 
foi*  many  years  in  connection  w^ith  gun  work. 
The  work  is  held  in  a  chuck  involving  at  \y 
correct  speed,  and  the  cutter,  also  mtat**<l,  h 
presenteil  to  the  lx->re  at  a  pi-oper  angle,  b**ing 
als^>  fed  along.     The  principle  is  emlMMlied  in  % 
special  int-ei'nal  machine  built  by  Messrs  Hoi* 
i"oyd.     The  cutter  spindle  liearing  is  contained 
in  a  swivelling  quadrant  plate,  which   may  h 
tilted  to  various  <legi¥es  c>f  angle.     The  PratI 
ik  Whitney  machines  are  also  adapted  ta  iziterna 


PLATE   V. 


Fig.  77.  — St  RKvv  TIULF.XP  Millini:  ilAcniNE*     (Tlie  Pratt  &  Wbittiey  Co. > 


Fig.  7^*— Spiral  f^p»tsy  Millhu  on  Mmuine* 
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fk^  bj  fitting  an  attachmeut  on  the  CttiTiage^ 
M^eceive  the  spindle  of  the  cutter,  liitenml 
ilUng  is  well  arJapt^d  fco  short  work,  such  as 
'^^-^^tn  and  collars,  especiaUj  those  having 
Bii^iuldera  or  blank  ends;  these  wotild  be  most 
^'^^^^kwurd  t^)  tap,  iinrl  slovv  to  cut  in  the  latho. 

Screw  Thread  Gauges— *Screw  thieads 

^^^y  be  lucasured  either  in  regard  to  pitch  and 

^^^^^trect  form  uf  thread,  or  as  regards  diameter, 

^  ^^v  the  first  kind  of  gauging^  Hat  instrunjents 

^'^^  employed,  notched  out  to  match  the  thi"ead, 

*^^  that  when  applied  to  the  Jici^ew,  the  coinei- 

**enee  or  otherwise  is  visible.     Hiese  gauges  are 

*Uso  used  for  testing  cliasLng  tools,  and  a  mini  her 

of  bhides  are  mounted  in  a  case  into  whicli  they 

may  be  foldetl  when  not  in  use,  leaving  only  the 

actual  blade  in  use  out-^ide*     From  twenty- two 

to  twenty -six  blades^  with  pitches  from  four  up 

to  «ixty  ai-e  cojnnionly  fitted.     But  to  measure 

diameters  some  i  it  her  ty|»e  of  instrument  has 

to  be  used,  and  either  a  micmmeter  caliper,  or 

a  plug  or  ring  gauge  must  be  employed,    A 

mici^ometer  gives  precise  diameters,  the  anvil 

pi>tnts  lx*ing  made  as  in  Fig.  80,  a,  to  embrace 

the  side8  of  the  thread  on  one  side,  and  go  into 

the  vee  on  the  opjKisite  ;  the  construction  of  the 

micrometer  is  similar  to  that  in  Figs.  211,  212, 

page  1^3,  Vol.  VL     Solid  plug  and  ring  gaugen^ 

Fig,  4^0,  B,  Cj  have  means  for  adjustment  in  the 

ring  only,  the  plug  being  standard.     The  plain 

end   gives  the  diametea"  at  the  bottom  <^f   the 

thi*ead.     The  ring  is  extended  int^t  an  i  oblong 

Conn,  and  two  serews,  a  and  b^  enable  the  body, 

which  is  split  through,  to  be  opened  or  closed 

I       slightly.      Plain  itmnd  pins,  c,  e,  preserve  the 

I       lateral   truth,  preventing  the  split   sides  fixmi 

I      getting  cross-wise  thrt>ugli  tfie  infiuenee  of  the 

L     adjusting  screws.      Ordinary   ring   gauges   re- 

P    '©emble   the   plain   plug  gauges   except  for  the 

~     thread  ;  they  tlo  not  permit  of  adjustment  for  fit 

iir  wear,  as  in   the  case   of   c.      These  gauges 

indicate  the  diameter,  and  the  pitch  .MimultHne- 

ousIt*      J?k»nie times  a!i  extra   plain   portion   is 

added  to  the  gauge  in  Fig.  80,  n,  to  give  the 

fliarneter  at  the  bips  of  the  thread. 

Screw  Threads. — A  screw  is  a  geometrical 
solid  of  i\  df^fi^nite  section  wound  spirally  round 
a  cylinder  at  equal  intervals,  forming  a  contin- 
uous ridge.  In  its  essential  elejnents  it  is  refer- 
able ia  mechanism   to  a  right-angled  triangle 


wound  round  a  cylinder.  The  length  nf  the 
base  of  the  triangle  etjuals  the  circumference 
of  tJie  cylinder,  its  height  equals  the  pitch,  iuid 
the  hypotenuse  is  the  angle  uf  the  spiral.  The 
spiral  may  be  inclined   to   the  right,  or  left* 


C 

Fig.  80,— Hcr^w  Thread  G^iugea. 

giving  a  riifhiy  or  l^jl-httftded  screw,  A  pitch 
remains  constant  in  its  successive  convolutions, 
but  the  angle  of  spiral,  e^piivalent  to  the  i^ake  of 
the  thread,  de|«nds  on  the  circumference  of  the 
cylinder,  t*r  length  of  Ijase  of  the  triangle,  s*:» 
that  screws  of  the  sajne  pitch  will  have  less 
rake  or  fdope  when  on  a  larger  than  on  a  smaller 
cylinder.  The  diamei^^r  of  a  screw  Is  in  variably 
given  as  that  over  the  extremities  or  tips  nf  the 
thread*  The  diameter  of  the  body  or  root  is 
dej3endent  on  the  fiectionftl  jhrtu  of  the  thread, 
in  other  woiijs  on  the  pi\>ptirti^>ns  (*mbodied  in 
the  screw.  The  feitJiilr  iftrf.nijfh  i>f  a  screw 
l)olt  is  estimated  on  the  area  of  tliat  b<:»dy,  and 
the  tappwj  nm  is  approximately  equal  to  its 
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diamett;i\  The  d^idk  ar  lieigbt  af  a  screw 
tbmad  is  that  wliich  is  measiu"ed  i>erpenflii*uUrIy 
from  the  body  or  root  to  the  tip*  This,  with 
the  sectional  form  of  the?  threml  determines  the 
strength  and  dumbility  of  a  tliread,  whOe  the 
pitch  or  ftiitjle  ssettles  the  power  gain. 

No  foriiinhi  is  of  unn'ersal  application,  but 
screw  threads  have  been  setttwl  erapirieally  by 
a  proce^ss  of  coUatioti  and  averaging  of  exist- 
ing forms.  The  proportions  of  screw^  threads 
may  be  eit^d  as  illustrative  of  the  little  aid 
w^hieh  theory  hasi  atforded.  Existing  pi*opor- 
tions  were  fixed  somew^hat  empirically  by 
Whitworth  without  much  regard  to  theoi^tical 
considerations.  Questions  of  pitch,  of  depth j 
of  sectional  form,  relations  of  mechanical  power, 
of  strength,  of  durability,  cannot  be  settled 
apart  from  practical  issues,  Eiach  element  must 
be  decided  in  reference  to  the  others,  and 
therefore  the  Whilwurth  threads,  in  etmmion 
mth  others  are  a  compromise  between  the  ex- 
tremes of  a  very  varied  pi-actice.  Whitworth 
collected  screw  bolts  from  the  chief  factories 
in  England,  and  compared  and  collated  and 
averaged  them.  Tlie  principal  ones  taken  were 
the  ;|  in.,  ^  in,  1  in.,  and  1|  in.,  and  a  workable 
mean,  a%'oiiling  minute  fractions,  was  taken  as 
the  basis  of  the  new  system  of  screw  thiTJwls. 
In  the  old  screw  threads  there  was  no  definite 
relation  between  the  pitch  and  the  depth.  The 
Whitw'orth  constant  angle  of  55"  for  all  screw's 
provides  this  proportion,  and  tliat  w  as  nearly  a 
mean  of  the  angles  of  the  collated  screws. 

Scretr  Ehmenig.— The  essentials  of  a  screw  are 
the  pitch,  the  depth,  and  the  form  of  the  thread, 
each  of  w  hieh  can  be  modified  without  reference 
to  the  others.  They  control  the  holding  power, 
the  sti'ength,  and  the  durability.  The  pitch 
controls  the  mechanical  gain,  since  the  thread 
is  a  wedge  the  angle  of  w*hich  depends  on  the 
pitch,  for  a  given  diameter.  The  depth  of  the 
thread  makes  for  durability,  since  the  larger  the 
area  of  its  surface  the  longer  will  it  endure  under 
the  actions  of  fastening  and  unfastening.  The 
form  of  the  thread  includes  the  elements  of 
angle,  point,  and  root,  and  is  the  feature  around 
which  most  diflFerences  occur.  It  is  usual  to 
make  thiieads  w^th  double  symmetrical  angles^ 
or  vee'd  in  section^  but  this  is  a  concession  to 
convenience  of  manufacture,  just  as  is  the 
78 


symmetrical  fortu  of  whei4  teeth,  even  thoudi 
driving  constantly  in  one  direction, 

T/ns  Pik^h. — This  is  determined  by  the  power 
requisit-e  for  closing  work,  w^hich  decides  the 
angle  of  the  inclined  plane  formed  by  the  thread. 
A  fine  thread  pitch  gives  more  power  for  cloein^^ 
but  it  is  weaker  than  a  coai-se  one.  A  mimit^ 
thread  affords  more  power  than  a  vee  thre*ii» 
but  the  latter  is  stronger  than  a  square  thtvad 
of  the  same  pitch.  Hence  the  pitch  is  affected 
by  tiie  thread  section.  And  though  a  Hwp 
thread  has  more  durability  of  wearing  sorfjui' 
than  a  shaOow  one,  it  weakens  the  bolt  by  the 
greater  reduction  of  diameter  at  the  root  of  tlie 
thread.  The  pitch,  tliei"eforei  cannot  be  i^m- 
side  red  alone.  It  is  by  the  averaging  of  thes** 
conditions  as  embiixiied  in  previous  practice 
that  good  workable  screw  threads  have  been 
designed. 

A  fugles. — The  strength  of  sci^ew  tbreada  6v^ 


Fig.  81.— Angle  of  Screw  Threitda, 

pends  on  their  angle.     The  load  CLiming  axinUy 
as  at  a,  Fig.  81,  is  resolvable  into  two  forces,  K 
normal  t4»  the  face  of  the  thread,  and  c,  perpen 
dicular  thereto).     The  latter  tends  to  burst  tli^ 
nut,  and  this  therefore  seta  a  limit  to  the  aiigl"^ 
of  screw  thre^ids,  which  in  no  case  exceeds  00  ► 
The  frictional  resistance  and  the  tendency  t^' 
burst  the  nut  would  Ijecome  excesyi%*e  beyon" 
this  angle.     The  angle  is  a  compromise.     Stet'p 
angles  require  greater   depths  of   thread,  ^^ 
coai*ser  pit-ches  than  those  which  appni^ach  mot« 
to  the  perpendicular.     But  while  deep  threadi 
are   a  oause   of   weakness,    shallow   ones  lack 
durability.     As    a    practical    compromise   the 
strength  is  based   to  a  certain  extent  on  the 
depth  of  the   nut,  which   is  etpial  in  eommoa 
work   to    the    diameter    of    tlie   threa<i.     Th$ 
threads    in    a    nut   should   be   stronger    tha^ 
the  cross  section  of  the  bolt,  so  that  tlie  bott 
would  bi^eak  before  the  thi-eads  would  Ije  tan| 
off  or  strip* 
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tie  greatest   holding  power  with  the   least 

frictional  resistance  ia  obtained  when  the  fate 

of  tlie  thread  is  normal  to  the  axis  of  the  screw 
(or  square),  but  the  sti'ength  t>f  the  thi^ead  to  re- 
sist stripping  iii  gr^itest  when  the  face  18  i^et  at  a 
considerable  angle  (t^^  thread).  Tlie  threads  fur 
gun  breeches  combine  the  two  in  one  (bnitreii^), 
but  thi.^  device  would,  for  obvious  ceasonMj 
be  quite  unsuitable  for 
ordinary  niei*b an  ism s. 
The  square  thread  stands 
apart  from  vee  threads. 
It  is  ia«ed  where  much 
power  and  direct  pres- 
sure li  wanted,  as  in 
presses,  and  in  uioi^t 
screws  for  machine 
slides  and  tnandrels,  but 
the  pitch  of  such  threads 
is  usually  made  double 
that  of  vee  threads  of 
the  same  diameter  in 
order  to  secure  enough 
strength  to  prevent  risk 

of  stripping.      In  cases 

^>rhere  clasp  nuts  have 

to  be  thrown  in  and  out, 

tlie     square    thread    is 

ticiodified  by  being  made 

Mub-angular,    or     by 

rH>ufiding  the  edges.    In 

tte  isquare  thread,  where 

t^he  face  of  the  thread 

P^  ELormal   to   the  load, 

%1ie  friction  i^  les8  and 

ti^here  i^  no  tendency  to 

turst  the  nut.     But  for 

a  given  pitch  it  is  much 
iHreaker    than    the    tri- 

^tegiiiar   sliape.       It    is 

nlso  diiBcult  to  cut>  and 
therefore  few^  absolutely 

square  threads  are  made,  but  the  roots  and 
points  are  rounded  more  or  less,  or  the  Acme  de- 
sign  l&  substituted.  Many  lead  screws  are  made 
thus,  but  in  the  majority  of  instances  a  slight 
angle,  but  less  than  that  of  the  Acme  thread,  ami 
a  little  rounding  at  root  and  point  are  given. 
The  buttress  thread  is  only  used  for  special 
functions,  chiefly  for  gun  breeches.     The  acting 


face  is  perpendicular,  thus  securing  the  ad- 
vantages  of  the  non>mI  tlirust,  and  the  opposite 
face  in  at  an  angle  of  45%  thus  en.su nog  the 
maximum  of  strength.  The  top  and  bittom  are 
flattened,  or  rounded.  There  is  no  standard > 
in  the  sense  that  there  is  with  other  threads. 
Another  matter  of  great  practical  importance  ia 
that  sharp  angles  should  be  avoided.    The  great 
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objection  to  the  sharp  vee  thread,  which  is  stOl 
in  use  in  the  United  States,  is  that  tiie  keen 
roi>ts  and  points  are  not  obliterated  by  radii. 
With  regard  to  the  roots,  the  thread  and  the 
bolt  section  are  weakened  by  the  keen  angles, 
and  the  points  are  easilj^  subjected  to  damage 
by  coming  into  contact  w*itli  otlier  Ixidies, 
This  Ls  the  ozdy  example  in  which  sharp  angles 
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have  been  retained  in  a  screw  thread.  Another 
matter  is  that  the  same  system  of  threads  has 
to  be  used  in  cast,  and  wrought  iron,  and  steels, 
and  brasses,  and  therefore  a  system  which  would 
be  the  best  on  the  whole  for  one  material  would 
not  be  the  best  possible  for  others.  To  take 
extreme  cases,  coarser  deeper  threads  are  desir- 
able in  cast  than  in  wrought  iron. 

A  thread  is  shigle,  when  one  continuous 
spiral  is  wound  round  a  cylinder,  as  in  all 
common  screws  us^  as  fastenings.  But  for 
effecting  rapid  movements,  two,  three,  and  some- 
times four  threaded  screws  are  employed,  mean- 
ing that  as  many  separate  spirals  are  wound 
round  a  cylinder,  separated  by  equal  distances. 
The  pitch  then  is  not  the  distance  between 
adjacent  screw  threads,  but  that  between  two, 
three,  or  four  threads  respectively.  A  drunken 
thread  is  one  in  which  the  threads  are  wavy 
and  uneven. 


Statidard  Threads, — The  number  of  threads 
which  have  been  used  on  a  sufficiently  extensive 
scale  to  merit  the  appellation  of  "standard," 
may  number  from  fifty  to  sixty. 

The  Whitworth  Thread.— This  (see  Fig.  82)  is 
of  the  same  section  for  bolts,  and  gas  tubes  alike, 
but  the  threads  are  finer  for  the  latter.  It  is,  as 
stated,  an  averaging  of  the  threads  which  were 
in  existence  previous  to  Whitworth's  efforts  at 
standardisation.  Sir  Joseph  Whitworth  went 
to  the  bottom  of  the  subject,  attacking  the 
problem  both  from  the  theoretical  and  the 
practical  aspects,  the  theoretical  in  order  to 
best  fulfil  the  conditions  demanded  in  a  screw 
bolt,  the  practical  in  order  to  interfere  as  little 
as  possible  with  the  threads  then  existing. 

With  regard  to  the  angle  of  the  screw 
thread,  55"*,  this  was  selected  as  a  mean  of  the 
variations  present  in  1-in.  screws  tested  by 
Whitworth.     This    angle    is    constant    in    all 
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Diameter  of 
Bolt. 

III 

letar  at     1 
om  of      1 
read.        j 

Diameter  of 
Bolt. 

111 

111 

S  S  £ 

Fmc- 
iioiial 

HiMS. 

Decimal 

BizM. 

i« 

P^ 

Frac- 

tiOUAl 
SlMS. 

Decimal 
Siwa. 

l^i 

B  -.5 

5-^ 

In. 

In. 

III. 

In. 

In. 

rn. 

A 

00625 

60 

0-0411 

21 

2-625 

4 

2-3*148 

3 

3!f 

009375 

48 

0-0670 

25 

2-75 

3-5 

2:*S40 

i 

0125 

40 

0-0929 

2^ 

2-875 

3-5 

2-rrf(W> 

I'V 

01875 

24 

01341 

3 

3          3-5 

2-n;uo 

i 

0-25 

20 

0-1859 

H 

3125,  3-5 

J-7:>90 

A 

0-3125 

18 

0-2413 

^ 

3-25 

3-25 

2-^559 

^ 

0-375 

16 

0-2949 

4 

3-375 

3-25 

2^*S09 

A 

0-4375 

14 

0-3460 

H 

3-5     ;  3-25 

310^9 

i 

0-5 

12 

0-3932 

3§ 

3-625,3-25 

'AXMm 

A 

0-5625 

12 

0-4557 

3^ 

3-75    13 

3-32:;i 

& 

0-625 

11 

0-5085 

^ 

3-8751  3 

3-41  SI 

U 

0-6875 

11 

0-5710 

4   4      3 

:r.-i7:ii 

» 

0-75 

10 

0-6219 

4j^    4-125   3 

3a^.*si 

n 

0-81-25 

10 

0-6844 

4i    4-25     2-875 

::  H)Ho 

; 

0:875 

9 

0-7327 

4^    4-375  2-875 

H  9-2fkiJ 

u 

0-9375 

9 

0-7952 

4i    4-5       2-875 

4-iirAfy 

1 

1 

8 

0-8399 

4|    4-62512-875 

4  1793 

n 

1125 

7 

0  9420 

H 

4-75     2-75 

4-2H43 

H 

1-25 

7 

1-0670 

4i 

4-875  1  2-75 

4 -41 193 

H 

1  -375 

6 

11615 

5 

5         1 2-75 

4  rvM^ 

u 

1-5 

6 

1-2865 

5i 

5  125  2-75 

-1  -ii.".<*3 

H 

1-625 

1  -3688 1 

5i 

5-25    12  625 

4-7(;'Ji 

li 

1-75 

1  -4938  1 

58    5-375  1 2-625 

4 -8871 

i|  ;  1-875 

4*5 

1-5904: 

5^    D-'y     :  2-625 

r>'r*i2i 

2      2 

4-5 

1-7154 

5|    5-625   2-625 

5  1371 

2  J    2- 125 

4*5 

1-8404 

53^    5-75 

2  5 

5-2377 

2 J  '2-25 

1  -92<)8 

5^  15-875 

2-5 

rrm27 

21    2-375 

2  0548 

6      6         ;  2-5 

5*4877 

2i 

2-5 

21798 

Whitworth's  Screw  Threads  for  Gas, 

Water,  and  Steam  Piping. 

Note.  —The  diameters  for  pipes  as  given  below,  in 
columns  2,  3,  and  5,  are  those  established  by  the 
Engineering  Standards  Committee  for  British  Standard 
Pipe  ThreaSs,  1905.  Those  given  in  columns  4  and  6 
are  the  original  Whitworth  diameters. 
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*i. 

4*834 

... 

5 

5i 

5-4,10 

5*334 

j 

'% 

6 

5*9.50  , 

..* 

5 -834  1 

fi 
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Whit  worth  threads,  large  or  small,  coarse  or 
fine,  which  simplifies  the  formation  of  screwing 
tackle,  and  of  threading  tools,  and  establishes 
a  constant  proportion  between  the  depth  and 
the  pitch  of  threads.  The  top  and  bottom  of 
the  threads  of  55'  of  angle  are  rounded  off  with 
radii  to  a  depth  of  one-sixth  at  top,  and  one- 
sixth  at  bottom,  or  one-third  in  all.  This 
device  was  adopted  in  order  to  prevent  injury, 
which  the  points  of  the  threads  in  screws  and 
nuts,  and  in  taps  and  dies  might  sustain  by 
accident.  The  formula  for  the  Whit  worth 
thread  is : — 

number  of  threads  per  inch' 
</'  =  -9605p, 
d  =  depth  =;>x -64033, 
r  =  radius  =/>  x  -1373. 
rhft  Selfers'  7'Areac?.— Sellers,  1864,  proposed 
a  modification  of  the  Whitworth  thread.  The 
angle  is  60**  (Fig.  82),  and  the  top  and  bottom 
are  formed  with  a  flat  instead  of  a  radius.  The 
thread  was  recommended  by  Mr  William  Sellers 
in  a  paper  read  before  the  Franklin  Institute 
on  31st  April  1864.  It  was  recommended  by  a 
committee  of  that  body  on  15th  December,  and 
endorsed  by  the  Government  in  1868.  It  is 
therefore  indifferently  known  as  the  Sellers', 
the  Franklin  Itistitute,  and  the  United  States 
Standard  Thread.  Recognising  the  fact  that 
the  angle  of  a  screw  thread  must  be  to  a  certain 
extent  a  compromise,  this  system  adopts  the 
angle  of  60**,  partly  becKuse  it  "  seems  to  fulfil 
the  conditions  of  least  frictional  i-esistance  with 
the  greatest  strength,  but  chiefly  because  it  is 
an  angle  more  readily  obtainable  than  any 
other,  and  it  is  also  in  more  general  use."  The 
latter  remark  applied  to  the  sharp  vee  thread 
which  was  at  that  time  the  United  States 
standard.  Then  the  question  of  the  top  and 
bottom  of  the  thread  was  settled  on  the  grounds 
that  though  the  sharp  thread  is  the  simplest 
form,  it  weakens  the  bolt,  and  is  liable  to 
injury,  as  are  also  the  tools  used  in  its  forma- 
tion, and  these  more  than  counterbalance  the 
slight  reduction  in  wearing  surface  produced 
by  topping.  But  the  rounded  tops  and  bottoms 
of  the  Whitworth  thread  were  deemed  objec- 
tionable by  reason  of  the  practical  difliculties 
which  result  from  its  adoption.     The  reasons 
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are  that  a  vee  tool  used  in  the  lathe  will  not 
finish  the  points,  which  must  be  done  by  a 
second  traverse.  Neither  will  one  angle  gauge 
serve  for  all  sizes  of  threads.  For  these  reasons 
the  flat  at  top  and  bottom  was  substituted  for 
the  ra^lius.  This  thread  with  its  proportions  is 
seen  in  Fig.  82,  and  in  the  table  below. 
The  formula  is : — 

number  of  threads  per  inch' 
d  =  depth  —px  -6495, 

d  =p  X  866. 

United  States  Standard,  or  Sellers' 
Thread. 


DUmeter 
in  In. 

No.  of 
Thr«ad« 
per  Inch. 

•20 

Diameter 
in  In. 

No.  Of 
Threads 
per  Inch. 

Diameter 
in  In. 

No.  Of 
Thread! 
per  Inch. 

i 

11 

6 

2J 

4 

A 

18 

\\ 

6 

2J 

3h 

I 

16 

U 

r,i 

3 

.^f 

14 
13 

If 

0 

;    5 

3* 

3^ 

34 

^ 

12 

2     • 

;   *4 

3i 

a 

1 

11 

2» 

'      4i 

3i 

5 

J 

'       10 

,      2J 

!     *J 

3| 

^; 

i: 

9 

2i 

4 

3} 

3 

1 

i         8 

2i 

1      * 

3^ 

3       1 

u 

7 

2| 

* 

4 

3       ' 

u 

7 

1 

' 

The  flat  faces  and  roots  of  the  Sellers'  thread 
have  been  adopted  in  several  Continental 
thi-eads,  presumably  because  they  are  more 
readily  cut  than  the  rounding  roots  and  points. 

Sharp  V  Thread  (see  p.  82). 


Dltnwtvr 

In  Id. 

No.  or 

ThNvdi 
p*r Inch. 

IMa»«tvr 
in  Lh, 

1 

No.  of 
Thread! 

perliicfa. 

7 

n 

4 

7 

n 

4 

6 

2i 

4 

H 

6 

3 

34 

^ 

H 

3t 

5 

||       31 

3nr 

H 

31 

3; 

2 

H 

34 

a 

n 

H 

1      31 

3r 

n 

4f 

1      ^* 

3 

n 

41 

1      3f 

3 

n 

4 

4 

a 
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The  Shtirp  T  3%read. — -This  is  still  used  in 
America  {Fig.  82).  It  is  suppo&jed  to  be  moit? 
readily  eiit  than  thowt*  forms  whit'li  lire  trun- 
cuted,  but  is  imt  likely  tii  Jiwrvivt*  jx-nnitnently. 

Its  formula  i^  :- — 

^  number  of  threads  per  inch' 

(?  =  depth^jux'8660. 
(xSV  tJibJe,  p,  81,) 

Metric  Sifi<tf^tu^.—T}w  Whit  worth  tfirejid  is 
worked  by  on  the  Continent,  cliierty  in  Germany, 
but  it  is  adapted  to  the  milliiiietre  stuJulard. 
The  result  ihi  n  Imat-i^tnl  table  compounded  uf 
KngUnli  liud  metric  figui'es.  Tlie  screw  diameter 
i^  given  as  in  EngliBli  inches,  and  the  number 
iif  threads  is  given  per  inch*  But  the  screw 
diameter  i^  also  stated  in  millimetres,  and  the 
diameter  at  the  niot  of  tlie  tbreiuf  simil^iily; 

A  clo^ie  adaptatiofi  tif  the  Whitwtn^th  is  made 
in  the  Italian  artillery  system^  but  motlified 
wholly  to  a  metric  bri&e.  The  outsjide  diameters 
are  in  even  millinieti-eii,  but  the  pitch,  the 
diameter  at  the  root  of  thread,  and  the  depth 
of  threads  all  work  out  fractionally/ 

The  attempts  made  on  the  Continent  to 
standard isjf?  screw  threads  date  fivmi  1873  and 
1874,  when  a  til's t  eflbrt  wan  made  to  substitute 
a  metric  for  the  Whit  worth  threads.  The 
result  wa8  not  encouraging,  but  it  led  U*  the 
formation  of  the  Tnternational  Screw  Tlvread 
Congresii,  whieh  has  met  on  nevei'al  i3eeasious. 
Much  InuH  been  dnne,  but  chiefly  tm  yet  in  re- 
ducing the  number  of  authoritative  threafls  in 
nse.  This  becomes  nH)re  abstilut-ely  essential 
EA  engineering  prtietiee  assumes  an  increasingly 
international  character,  though  the  time  sieems 
far  distant  when  some  <ine  standard  will  survive 
for  general  machine  wurk.  When  that  time 
arrives  it  will  doubtle&s  see  a  metric  system 
supersede  tliose  Imsed  tin  the  inch — a  modifiecl 
Whit  worth  perhaps* 

The  I nitrttaliotial  ThretMd  ( *  *  6'^*^tHn<*  Intrr- 
natio*mle"). — ^Tliiisi  Wiis  pmposed  and  aceepte<l 
byaeimgreas  held  at  Zurich  in  189*5.  Its  angle 
is  60'  (Fig.  82).  Tlie  equdaU^ral  triangle  which 
it  ft  in  us  has  its  Wse  p^  etpial  to  the  piteJi,  and 
tlie  t<i|i  and  l^*ottom  are  truncatecL  The  n»ot  is 
tinished  with  a  curve.  Tlje  curve  itnd  flat  gi%e 
a  dearance  between  nut  antl  boh.  The  sciiew 
diamet4^r  is   measuivfl   on    the   oulnide    uf    the 


truncat€d  thread,  and  the  valuer  ol  iht*  dijLiiif*ief» 
expressed  in  millimetres  give  the  iiumbff>  irf 
the  screws.     The  same  design  \h  u&e<i  (or  Uip 
French   ^ttandarri^   i^fdy   tfie   sixes   in    pitrii  *l« 
ntjt  t'orrespond  entirely  throughout  each  f*enfe*. 
The  formula  Is  : — 
p  =  pi  tell, 
f/  =  depth  =//x  ^tMUS  tu  TiM. 

y  =  Hat^J, 
d   .    d 


The  elejirance  nmy  tlierefore  vary,  wiiliiiBt 
affecting  the  other  relations, 

Tablk  of  Intbhnatiokai*  ScttKiv  TitnsAii^ 
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olTttraiid 

in  mm. 
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4»1« 

16 

I 
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.^»^ ' 

18 
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i4*ir6 
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tt 

20 

25 

l«-75 

6H 
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22 

*j-ri 

\n-ir, 

7J 
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;* 

:>0'lo 

76 

e,! 

27 

a 

23"lo 

HO 

1 

;u',j, 

30 

33 

2.14.^ 

1 

The  De  Lwh^  or  Lmmnhtrz  7*hrtHidit^—Tl»^ 
liave  been  evolved  from  systems  prcsenUsd  t^ 
the  Association  of  German  Engineers  in  l**TD 
an*l  1877.  They  are  ctKiilied  a^  the  !>»>  liJi 
Ni>*t.  3  and  4,  and  r.<t)ewe  sy!*temH-  The  fiwtmt 
which  they  ha^  e  in  comraun  is  the  ??ei*lii*»i  «• 
the  thready  Fig.  H2,  genemlly  termed  the  Uiwrn 
heri^  un  the  Continent.  The  section  ha  tlml  i^ 
an  isosceles  triatigle  tUHcrilied  witliin  a  nM:lan|;l*^ 
ha\  ing  the  height  cf  equal  to  the  Imse  p,  *!V 
depth  of  thread  d  i%  iruncated  At  Uip  itfwi 
l>i>tt^mi  to  on*^ejghth  of  the  dcplli  if.  Thm 
therefore  re^eniijlc*  the  fcH^Uers  exoeptiog  llmi 
tlie  threitd  angle  is  53*  8\ 

lldi*  (Fig,  »2)  ha»^  tiO    of  angle,  aj*d  ift  t^mWr 
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than  other  threads,  one-sixth  of  the  pitch  being 
cut  off  at  top  and  bottom.     The  formula  is  : — 
cr=px  0-866, 
rf=px  0-5327, 

Cycle  Engineers'  Institute  Standard 
Threads. 


All  sizes 

given  below  are 

right-hand  threads,  except 

where  otherwise  stated. 

DUmetar  in  Inohec. 

No.  of 

1  Diametar  in  Inchec. 

No.  of 

Threads 

Thre&ds 

DwiiMU. 

Pnietiaiu 

per  Inch. 

DetimaU. 

PncUona 

per  Inch. 

•056 

62 

•266 

... 

26 

•064 

62 

-281 

... 

26 

•07-2 

62 

•31-25 

A 

26 

•080 

62     ; 

•375 

\ 

26 

i>92 

56   : 

♦05625 

^Z 

20 

•104 

44 

i-ooo 

I 

26 

•125 

1        ^ 

40       ! 

tl^2»» 

24 

•154 

1       ... 

40 

1370 

24 

•175 

1     ...           32 

tl-4375 

Wr, 

24 

•1875 

1     i\           32 

1-5000 

u 

24 

•250 

1 

*26 

•  For  right  and  left  hand  thread, 
t  For  left-hand  thread  only. 

The  Thury  System,— Thin  (Fig.  82)  is  a  thread 
used  for  watchmaking,  and  fine  mechanical 
work.  It  dates  from  1878,  and  was  designed  by 
M.  Thury  for  the  Society  of  Arts,  of  Geneva. 
Here,  as  in  the  Whitworth,  the  basis  of  the 
system  represents  the  mean  average  of  a  large 
number  of  screws  collected  from  numerous 
factories  in  different  countries.  The  depth  d  of 
the  thread  equals  '^p,  the  angle  is  47 J',  the 
radius  r  at  the  point  is  ^/>,  and  that  r ,  at  the 
root  is  \p.  The  millimetre  is  the  basis  of  the 
system,  and  it  was  determined  that  this  was  the 
pitch  adapted  to  a  screw  having  a  diameter  of 
6  millimetres. 

There  is  a  "  large  series "  Thury  system  for 
general  machine  work.  In  this  series  the 
numbers  run  from  0  to  20.  The  millimetre 
pitch,  with  diameter  of  6  millimetres,  is  the  com- 
mencement, as  in  the  small  series,  but  thence  the 
dimensions  become  coarser.  Tlie  pitch  p  is 
directly  related  to  the  diameter  of  a  thread  by 

the  formula  rf=  6 /> -.     As  this  would  give  an 
o 

unlimited  number  of  sizes,  it  was  necessary  in 


order  to  formulate  a  standard  series  to  adopt 
the  successive  powers  of  0*9  millimetre  for  the 
pitch.  The  index  of  the  power  is  used  as  a 
designating  number  for  the  screws.  Thus  the 
pitch  of  No.  6  screw  is  obtained  by  raising  0*9 
millimetre  to  the  sixth  power,  the  pitch  being 
therefore  0-53  millimetre,  and  the  diameter  2*8 
millimetres.  From  the  figures  so  obtained  in 
decimals  of  a  millimetre,  a  series  is  got  in  deci> 
mals  of  an  inch. 

The  Conmiittee  of  the  British  Association^ 
1882-1884,  adopted  the  table  with  its  decimal 
rendering  for  the  B.A.  thread,  Fig.  82,  subject 
only  to  making  the  radii  at  point  and  root 
alike,  namely  fj  of  the  pitch.  The  table  shows 
the  two  systems  in  combination.  The  decimal 
dimensions  in  millimetres  or  thousandths  of  an 
inch  are  given  to  the  left,  and  the  metric  dimen- 
sions to  the  right. 

British  Association  Standard  Threads. 


Number. 


Nominal  Dimeneiona 

in  TbOQBMidthB  of 

an  Inch. 


Diameter 
in  Inches. 


25 
24 
•23 
22 

21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 

8 

7 

5     ' 

4 

3 

2 

1 

0 


10 

11 

13 

15 

17 

19 

21 

24 

•27 

31 

35 

39 

44 

51 

59 

67 

75 

86 

98 

110 

1-26 

142 

161 

185 

•209 

•236 


Pitch. 


2-8 

31 

3-5 

3^9 

4-3 

4-7 

5-5 

5^9 

6-7 

7*5 

8-3 

91 

98 

11^0 

12i2 

138 

154 

169 

18-9 

•20-9 

•23-2 

26-0 

28^7 

31  9 

354 

39  4 


Threads 
per  Inch. 


353 

317 

285 

259 

231 

212 

181 

169 

149 

134 

121 

110 

101 
90-7 
81-9 
726 
651 
59- 1 
52-9 
47*9 
43^0 
38-5 

;m-8 

31  4 

•28  ^2 
•25-4 


Aheoluta  DimoiBioni 
in  MillinjetreB. 


Diameter 
in  IncheB. 


0-25 

0*29 

0-33 

0-37 

042 

048 

0-54 

062 

0-70 

0-79 

0^90 

1-0 

1-2 

1-3 

15 

17 

1-9 

2-2 

2-5 

2^8 

3-2 

3  6 

41 

4-7 

5  3 

6-0 


Pitch. 


0-072 
0-080 
0-089 
0^098 

on 

012 
014 
015 
017 
019 
0-21 
0-23 
0-25 
Oi» 
031 
0-35 
0-39 
0-43 
0-48 
053 
0-59 
066 
0-73 
0-81 
0-90 
1-00 


The  Sauvage  Thread, — Tliis,  which  may  be 
regarded  as  the  French,  and  their  Admiralty 
Standard  has  the  same  section  as  the  Sellers. 
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It  is  worked  nut  veiy  simply,  the  diameters  and 
pitchers  lM?ing  all  e%'en»  The  pitch  increases  by 
t>ne  millimetre,  iind  increases  successively  by 
half  raillimetre.s. 

Th^  Atnm. — Thifi  (Fig.  82)  is  a  thread  which 
often  fulfils  the  function  of  the  Bquare  tliread 
without  its  disadvantagej?.  The  angle  is  29% 
giving  an  inclination  of  14^''  to  the  sides,  re- 
st^ mbling  therefore  the  standard  woitu  thread. 
The  formuhe  are  as  follows  : — 

Width  of  point  of  tool^ 
for  screw  or  tap  thrBBil 

Width  of  screw  m*  nut  thread  =  = 


-.1707 

Nq.  of  threa<Uperin, 
■S707 


-  *(XJ52. 


No,  of  thn^ada  per  In. 
DiameUir  of  Up  ^djameu^r  of  dcrew  +  O20. 
Dl&tneter   of    tap    ar    t;cr«w    at    ruot^  diameter 

screw  -  (^ ^^. -V  —3.  ^ +  '020  \ . 

\  No.  Of  Imear  tbreads  per  lu.  j 

Depth  of  threfld=  ~  -^=       .  }  --, ,-  +  -tJtO, 

*  2  X  No,  of  threaaa 


of 


t  per  in. 


The  Acmk  Standard  Thread. 


Nnmtoarol 
Hirtwl* 
per  Inch 

Depth  of 
ThrewL 

Wldtb  &( 
Top  of 
Thmcl. 

width  At 
Bottom  i7f 
Thread, 

Space  at 
Top  of 
Thread. 

'6293 

Thlcki^eai 
at  Boot  of 

TbTWd. 

'6345 

1 

■5ioy 

3707 

■3655 

n 

*38fi0 

►2780 

-2728 

'4720 

-4772 

2 

'2600 

'IB53 

■JSfll 

*3147 

'31911 

3 

'1767 

'123*^ 

'iisa 

-2098 

-2imi 

4 

11350 

-09-27 

■U875 

1573 

-1625 

5 

■1100 

■0741 

■0689 

1259 

-1311 

6 

-0^3 

•oeis 

■0566 

-1049 

1101 

7 

ijaii 

^0529 

■0478 

il8fl9 

'<1951     1 

8 

-0725 

'0463 

Mil 

'0787 

■0839    ' 

9 

iJ655 

'0413 

'0361 

-0699 

■0751 

10 

■0600 

*0371 

-0319 

-0629 

'0681 

In  some  c^^es  there  are  advantages  in  the 
use  of  special  threads,  as  far  iiisbmce  in  gun 
work,  and  in  Continental  railway  work^  when 
the  possibility  of  invasion  hfis  to  be  remembered. 
iVloBt  of  the  Contint^ntal  railways  have  their  own 
special  threadh  which  ai'e  not  used  outside  of 
their  own  shops. 

M,  E.  Sauvage  has  described  ten  different 
types  of  Fi-ench  railway  threads  in  use.  Angles 
of  53^  8',  43V36',  36"  52^  and  60"  are  included, 
and  rounding,  and  flat  roots  and  point®,  with 
diiferent  pi'oportions  of  truncation.  De  Lisle, 
anti  Reuleanic  have  worked  diligently  in  the 
effort  to  standardise  threads. 

Broadly  the  geographical  distribution  of  the 
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principal  screw  threads  is  iis  follows : — The 
Whit  worth  in  Britain,  and  Genua  ny,  the  Sellers 
in  the  United  States,  the  International  and  the 
Thury  in  Switzerland,  the  Thnry  or  the  British 
Aasoeiation  generally,  and  various  metric  threads 
in  France, 

Th^  Metric  Syi^Umi, — In  1 896,  in  England,  a 
Committee  of   the  House  of  Commons  i^ectim* 
mended  that  in  two  years  the  metric  system  of 
weights  and  measur-es  should  be  rendei^  com- 
pulsory in  t  h  is  CO  u  n  t  ry .     H  app  ily ,  d  rast  ic  1  egn^- 
lation  has  not  followed.      When  the  lul option 
of  the  system  b^oraes  clearly  necessary  in  \M 
inter-ests  of  manufacturers  they  may  be  trusted 
to  adopt  it  voluntarily.     It  is  better  that  the 
change  should  be  gradual,  and  that  the  preseat 
and  the  metric  should  for  a  while  be  kept  in 
service.     British  manufacturers  are  unquestion- 
ably handicapped  in  foreign  countries  by  Ihe 
retention  of  the  inch  basis,  and  it  i«  certiiiri 
that  its  disappearance  is  only  a  question  of  tiiotf. 
This  will  involve  the  sacrifice  of  the  "Whitwnrtii 
and  the  Sellers  threads,  and  many  ijthej's  will 
have  to  go,  because  a  system  to  be  univeji<iil 
must  involve  the  abandonment  of  many  iiietrte 
threads   which    have    but    limited    spheifs  of 
adoption.      The  Thury  and  the   B,A.  ^i-rews, 
practically    identical,    may    be    consldererl  ^ 
settled  for  fine  screws,  or   those   below  \  ia- 
The  International  thread  might  possibly  form  » 
basis  for  engineers'  coarse  threads.     The  ^Vhit- 
wortli    labours    under   the   tlisad vantage,  ^^^^ 
when  metricisod  the  number  of  threatLs  n  sti^' 
retained  in  mches^  which  cannot  be  perinanenoy 
tolerated.     Pipe  threads  are  still  in  a  condi- 
tion of  confusion,  the  so-called  standaiTjs  \^^^% 
tmmerouH, 

Screw  Wrencb. — A  spanner  in  whicb  the 
width  l^etween  the  jaws  is  rendered  adjusUbW 
by  means  of  a  short  screw.  It  is  used  od  ouV 
door  work  more  than  in  the  shops,  solely  to 
avoid  cariying  several  spanners  of  diflBprent 
sizes. 

Scribing  Block.— *W  Surface  Gauge- 

Scrive,  or  Scrieve  Board.— The  boorf 
used  by  shipbuilders^  upon  which  all  the  frame 
sections  of  a  vessel  are  scrilxnl  as  a  guide  to  the 
workmen  in  bending  the  frames.  It  is  made 
of  joist  planjcii  abutting  by  planed  edges,  and 
forming  total  over-all  dimensions  of  about  6  ft* 
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to  !^  ft.  larger  thun  the  iiection  at  iniHshipii, 
They  aiie  kept  in  close  contiict  on  the  tioor  by 
driving  iti  wedges  between  the  outer  l>Ottr4lK 
ad  a  ^trip  of  angle  iron  screwed  down  to  the 
aoor*  Sometimes  eaeh  two  adjacent  planks  are 
liolted  together  with  bolts  pasging  thniugh 
their  L-eutres.  Tlie  top  of  the  board  being 
planed  smoothly  is  painted  black  to  show  the 
scrive  lines  well. 

Scroll  Chuck— *^e  Lathe  Chucks. 
Scroll  Gcars^ — A  design  in  which  the  velo 
citj  ratiu  ia  varied  thi'oughuut  a  i^evolution,  the 
g6iy*H  bet  tig  of  scroll  shape,  Fig,  83.    Ou  the  line 
of  ceiiti'e^s  the  amount  of  variation  in  speed  ia 
set  oat.     Then  a  rectangle  is  constructed  un  the 
enti^  of  one  of  the  wheels,  with  the  length  of 
""cittch  side  being  equal  to  one-fourth  of  the  length 
of  tijtal  variation.     From  each  angle  a  radius 
Bis  stiiick  giving  a  quadrant  of  the  pitch  tine  of 
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'^^the  geai*s  as  shown^  from  1^  %  3,  4.  From  1  as 
a  centre  with  radius  In,  the  arc  aV  is  struck  ; 
from  2  with  radius  2  1',  the  arc  I'S'  is  struck 
and  so  on.  Two  scixills  with  centres  at  c,  d  will 
engage  correctly  with  a  variation  in  speed  deter- 
mined by  the  locations  *>f  a  and  h.  The  teeth 
are  struck  suitably  for  the  radius  of  each  sector, 
^m  Scrubbing'. — Hammering  copper  work  all 
^^ round  in  circles  around  rivet-s  to  depress  the 
metal  in  the  vicinity,  so  chasing  the  joint  and 
tending  \xy  draw  the  rivet  out  before  chasing. 

ScuUS}  ur  Skulls. — The  crust  of  metal  left  in 
a  hulle  after  casting,  and  which  afjheres  to  the 
sides.  It  has  to  Ije  broken  out  with  a  pinch  bar, 
and  the  ladle  re-daubetl  before  another  tlay^*»  cast. 
Scum  Cock. — A  cix-k  bolted  to  the  outside 
of  a  marine  Iwiiler  for  the  purpose  of  getting  rid 
of   the   dirt,  greasie,  grit,  and   salt  which   are 


floated  up  to  the  surf  ace  of  the  water.  It  b 
connected  by  a  pipti  passing  through  the  side 
of  the  boiler  to  a  hollow  ntmn  trungh^  or  a  per- 
Jhrated  /n/k;  situated  just  below  the  water  level. 
A  pipe  conducts  the  scum  away  from  the  cfwk 
to  the  aide  of  the  vessel  The  scum  cock  may 
be  used  for  rmlucing  the  level  of  the  water  in 
the  boiler  before  adding  maks-np  from  the  sea. 
Or  the  blow-off  cock  may  be  used  for  the  pur- 
pose. The  scunj  cocks  must  Ije  oj*ned  fre^ 
quently,  Iji^th  to  prevent  sticking  of  the  plugs^ 
and  too  heavy  salting  of  the  water, 

A  scum  cock  should  have  a  clear  area  through 
equal  to  one  third  of  the  blow-off  cock.  The 
cl«ir  area  of  the  latter  is  equal  to  1  sq.  in-  for 
each  ton  of  water  in  the  boiler. 

Tlie  scum  cock  is  usually  *»f  oidinary  plug  type 
design.  A  special  design  is  nuide  by  Dewi'ance  ^ 
Co,  containing  two  plugs,  one  within  the  other, 
the  object  being  to  avoid  the  cutting  action  of 
gritty  water  which  renders  a  cock  leaky.  In  this 
design,  one  cock,  the  outer  fine,  is  opened  and 
shut  fully »  the  other,  the  inner  one,  regulates 
the  discharge.  The  system  of  packing  adopted 
is  an  indurated  prepanition  of  asbestos,  in 
grooves  surrounding  the  water  ways.  It  cannot 
be  injured  by  steam,  or  blown  out. 

Fig.  84  illustrates  the  Dew  ranee  <louble 
plug  ecum  cock  in  vertical  section,  external 
elevation,  plan,  and  plan  section.  The  following 
are  the  principal  parts,  a  is  the  outer  plug,  u 
the  inner,  a  is  turned  by  the  spanner  c,  b  by 
the  spanner  P,  But  c  and  u  ha\e  a  certain 
eonnecti^iu  through  the  horn  e,  by  which  at  the 
first  stJige  of  ufjcning  they  are  moved  In  unison. 
Tlxen  tlie  handles  in  the  sectional  \  iew^  and  in 
the  plan  IxOow  He  parallel  with  each  other.  In 
this  position  Ixith  plugs  are  closed,  the  pin  f 
lying  against  the  stop  l>ar  fi  on  the  Ijotly* 
When  the  C4x*k  is  to  he  put  into  operation,  the 
large  handle  r  is  turned  from  right  to  left 
through  a  quadrant  of  a  circle.  The  outer 
plug  A  takes  the  inner  plug  n  with  it,  pulling 
it  by  the  horn  K.  This  movement  opens  the 
outer  plug  A  only.  On  taming  the  handle  n 
alone  through  another  quadrant,  the  inner  plu^ 
B  is  set  full  open,  and  the  blowing  through 
takes  place  as  long  as  the  handles  i-emain  in 
those  positions.  The  p*^int  is,  that  though 
blowing  through  is  taking  place,  the  sni'faci^ 
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Fig.  84.— Dewrance  Double  Plug  Scum  Cock. 
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of  the  inuer  plug  only  is  scoi'tsti ;  the  sui*face 
of  the  outer  plug  which  i^  I'ehe^i  ou  to  keep  the 
<*ock  tight,  not  suffering  irom  the  cutting  action 
of  gritty  water.  To  .shut  offi  both  handles 
miisit  be  returnerl  t**  the  posititins  shown  on 
the  drawing, 

The^e  cocks  are  designed  to  with^it^id  high 
presiaure^  and  the  arrangement  of  the  cover 
and  glands  is  termed  by  Messrs  Dewmnce  the 
ctmtitcHMtIafw*]!d  cfjnHructwn,  It  includes  the 
tianged  cover  ii,  heltl  clown  by  bolts  tti  the  ccx;k 
body,  a  i^tuffing  box  and  gland  j^  and  a  holding- 
flown  plate  k,  which  encircles  the  neck  of  the 
plug  A,  and  forces  the  plug  down  with  it^  cone. 

The  cock  shown  is  built  entii'ely  of  hronrje^ 
except! tig  the  spanner  c.  Tlie  plug  A  is  packed 
with  indurated  asbestos,  which  is  caulked  in 
grotivBiS  ^12  rixHindi ng  the  water  witys,  and  shown 
in  the  two  sectional  views.  Tlie  coniiecticm  of 
the  plug  A  to  its  stem  is  by  means  of  a  serew^ 
and  hard  bn>n£e  pins.  Muntz  metal  is  used  for 
the  stutfitig  box  sci'ews,  and  ntuds.  These?  cocks 
are  matle  in  the  2-in.  size  only,  which  is  sutti- 
cient  for  the  largest  Ijoiler, 

Sea  Cocks. — Signifies  in  a  general  way  the 
various  et*eks  and  valve^^  which  effect  eomniuni- 
cation  between  marine  engines  and  l>oilers,  and 
the  sea.  They  are  attached  to  the  skin  of  the 
hulh  Tliey  e«jnsist  of  inlet,  discharge,  and 
bilge  cfjcks,  and  ai'e  properly  of  non-iTturn 
tvpe«,  to  pi*event  risk  of  accidental  thxxling. 
They  aii*  attacheil  to  a  separate  ^  tan  d -pipe 
where  desii*able  or  neceiisary,  and  are  of  various 
kinds,  accorxling  tt3  their  functions.  The  B^  lard 
of  Trtule  and  Lloyd^s  insist  on  the  observanct^ 
of  severe  restrictions  in  their  fitting*  Fig*  85 
shows  a  sea  suction  valve  by  Alley  &  Mac  lei  Ian, 
Ltd.,  attached  to  its  stand -pipe,  bolte^l  to  the 
ship's  side,  and  pnivided  with  a  stiuiner".  The 
valve  is  of  the  sci-ew-dowii  type, 

ScanL^A  lap  joint  united  by  rivetingj 
welding,  or  soldering. 

Seamless  Tubes.  ~-^'*'«  Tubes* 

Seam  Set* — A  tool  used  by  coppersmiths 
for  closing  the  seams  made  in  work  done  in 
sht*et  metals, 

Seanug'^ — Hniijothlng  the  surfaces  of  wood 
patterns  with  a  hut  flat- i ion  in  place  of  vaniiah- 
ing  them,  A  [mlished  browned  surface  is 
pnsluoed    at    less    ti*mt    than    by   varnishing. 


Hmall  jioles  whifh  Imve  to  deliver  themselves 
ai'e  searefl  with  irons  tapered  to  suit  the  taper 
of  the  holes.  The  practice  h  adopted  for  the 
cheaper  classes  of  temp>rai"y  patterns  only. 


Fig.  85,— Hea  0:>ck, 

SCESOning'. — Hemoving  the  sap  fi'om  timber 
by  allowing  tlie  atuiospher*?  to  play  a.ri»and  it  for 
a  prolonged  period.    *sw  Timber  Seasoning. 

Seatf  or  Seating. — Something  which  serves 
as  a  l>asis  for  tlie  attachment  of  another  object', 
lis  the  seating  of  a  safety-vah^ej  or  stop^valve, 
or  cocks.  Oft«n  synonymous  with  stand,  or 
stotili  or  bed. 

Section. — The  cutting  through  of  a  mass  in 
any  direction.  Or  the  aspect  of  the  cut  surface 
— applied  particularly  to  drawings  of  objects. 
The  aspects  of  portions  that  lie  away  from  the 
outer  faces  can  only  l)e  illustrated  by  sectional 
Wews,  All  interior  parts^  thicknesses  of  metal, 
and  details  are  thus  shown.  The  fiarticular 
plane  in  which  a  section  is  taken  is  denoted  by 
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prefixes,  as  ion^iittdinjolj  ptari^  transverse  nr 
€r(ms^  T^rficalf  or  ohliqf*e  sections  respectively. 
If  the  view  is  coatined  Uy  one  particular  plane, 
or  if  there  is  more  than  one  section  in  the  wiitiie 
direct  ion,  the  planes  are  indicate*i  by  letters 
terminating  the  liQea^  as  sei^Hon  a^.  Sections 
may  be  taken  through  irregular  planes,  but  then 
this  must  lie  indicated  by  the  coarse  uf  the  lines. 

It  is  usual  U}  place  the  asj>ect  of  the  view  in 
section  in  the  same  plane  as  that  in  whicli  the 
severance  is  t4iken.  It  is  nut  neeesifar}',  nor 
always  convenient,  but  it  facilitate;^  rapid 
reading  of  the  drawing. 

It  is  customary  to  shade  or  eolonr  distinctively 
the  repi-esentatii^u  of  a  cut  surftice.  Diagonal 
lines  in  close  proximity,  which  vary  wnth 
materials  are  use^.  Or  flistinctive  colours  on 
coloured  di-avrings,     A^ee  Shadings. 

Formerly  all  sectional  shaded  views  were 
made  distinct  from  the  external  vie«  s,  though 
sectional  unshaded  views  have  always  iDeen 
indicatefl  by  dotted  lines  whicli  distin^^uish 
edges  that  lie  beyond  externa!  edges.  Of  late 
yeat^  the  practice  ha.s  extendeci  of  combining 
external  and  sectional  views  on  one  drawing, 
using  full  lines  for  both,  and  shading,  lite 
lines  representing  external  parts  ai-e  generally 
hea^  ier  than  those  wdiich  indicate  the  sectional 
aspects^  and  the  tihade  lines  of  tlie  latter  are 
broken  instead  of  full.  An  example  i>ccurs  in 
Figs.  37  and  38,  under  Screw-Cutting  Lathe. 

Sectional  Area.  — The  measurement  of  the 
ai'ea  of  a  cross  section.  It  relates  specifically 
to  the  areas  of  solid  and  hollow^  shafts  and 
columns,  as  bearing  on  their  relative  strt^ngths 
bo  resif^t  ruptuiT  by  torsitui,  or  by  liending. 

Sectional  Boiler. —One  which  comprises 
an  aggregation  of  indejvendent  units,  Bt^iler^ 
of  this  type  receive  treatment  under  their 
specific  names,  and  als4>  generally  under  ^A/'ate^- 
Tube  Boilers. 

Sectional  Paper,  or  Squared  Paper  — 
Paper  ruled  with  faint  crossing  lines,  pitched 
at  distances  from  about  ^  in.  upwaids.  The 
squares  so  formed  enable  sketches  to  be  done 
to  a  definite  reduction  or  enlargement  wdthout 
measurement.  l*he  pajjker  is  made  in  sheets,  in 
rolls,  anrl  l>oUTifl  up  in  the  form  of  not-e-lxioks. 
The  larger  units,  as  i  in*  and  1  irh,  are  gener- 
ally marked  l>y  thicker  line^j  a,s  a  guide. 
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Sector — A  dmwing  instrument  invented 
by  Gunter,  having  the  appearance  of  a  car- 
penters rule.  The  two  legs  are  marked  witli 
scales  which  are  laid  down,  not  parallel  U> 
the  edge,  but  converging,  and  these  suales 
emd>le  one  t/o  make  various  computations  in 
a  mechanical  manner.  A  sector  may  c»ontain 
any  or  all  of  the  following  scales: — a  line  ef 
polygons,  a  line  of  chords,  a  line  of  sines,  a  line 
of  secants,  a  line  of  tangents,  a  line  of  equal 
parts  for  operations  involving  the  finding  of  % 
fourth  proportional  U*  three  numl>eri*,  this 
latter  being  called  the  lines  of  lines.  It  will 
thus  be  seen  that  the  applications  of  the  sect<>r 
are  as  varied  as  they  are  useful,  but  the  fi>llowiii*f 
examples  of  its  use  must  suffice. 

Let  it  h^  required  t<*  find  .r  in  the  pixjjiiortion 
3  Ta; :  ;  4  :  2J*      Open    the   legs   of   the   sector 
until  the  distance  between   4  on  the  line  ill 
on  one  leg,  and   4   on  the  same   line  on  tlie 
fither  leg  is  exactly  2  J  in,     Tlien  the  distann' 
Itetvv^een  3  and  3  is  the  distance  required  in  th^ 
proportiou.     Or  let    it   \>e   requij-etl   U^  fiwJ  n 
fourth    pit»portional   to  .^|,   5j   6 J.     Open  tlie 
legs  till  the  distance  between   3^  on  the  two 
legs  is  equal  to  0-5  ;   then  the  distivnce  ttm 
6^  to  fi|  is  the  fourth  proportioual, 

A  line  may  be  rapidly  bisectefl  with  the 
sector  Separate  the  legs  till  the  distjinfe 
between  a  pair  of  given  numl>ers,  say  6  and  ^, 
is  equal  to  the  line  requiring  bisection.  Ti]t*i> 
the  distance  between  3  and  3  will  \m  h&\i  the 
given  line. 

To  iiLscriije  a  regular  pt>lygon  in  a  circle.  Aft 
the  side  of  a  hexagon  is  the  radius  of  tlie  ciM^* 
the  distance  O-C  {on  the  line  of  polygons)  is  tli<? 
radius  of  the  scale.  Thu."!!  for  any  polygon  tlie 
sector  must  be  opened  so  that  the  distance  t>  ti 
equals  the  radius  of  the  circle ;  then  the  distance 
7-7  gives  the  side  of  a  heptagon,  8*8  that  of  a^i 
octagon,  and  so  on. 

A  sector  of  a  circle  is  the  figure  bounded  by 
the  two  nwlri  an<i  the  arc  Iw^twecn  thetri.  For 
mensu  lilt  ion  of  sector  fif^e  Arc,  and  Areas 

Sector  Gears.  ^ — Those  in  which  velocity 
ratios  are  varieti  by  di\  itling  the  peripheric 
into  sect*:irs,  giving  different  velocity  ratiotk 
Tbusi  in  Fig.  S6  there  are  three  such  ratios. 
The  line  of  centres  is  divided  out  according  tfl 
the  ratios  required^  and  the  tooth  shapeJ^  struck 
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to  suit  the  different  cur^^esj  just  aa  ttough  they 
were  complete  geura.  The  line  of  centres  a-b, 
is  divideii  at  a  and  f^  and  I'adii  struck  fn:>ni 
the  centres  a-b.  When  the  s«»ctors  a,  h  are 
engaged,  wheel  A  U  rotating  more  rapidly  than 
I^Kwheel    a     When  arcs  /,  u  are   engaged,  b  m 


\^^--rr^^ 


Fig.  86.— Sector  Gears, 


rotating  more  rapidly  than  A,  but  when  l%  d  are 
igaged  both  wheels  rotate  at  the  siarae  Rpeecl. 
CaiM?  Biuj^t  be  taken  that  the  t-eefch  of  one  pair 
tif  sectois  nhall  be  disengaged  befoi^  the  suc- 
cessive pair  are  engaged,  otherwise  fracture 
w^ould  result. 

Segment.— A  segment  of  a  Circle  is  the 
figure  bounded  by  a  chord  and  the  arc  it  cuts 
off.  For  the  mensuration  of  the  segment  ace 
Areas, 

Segmental  Wheel— SigniHes  an  arc  of  a 


i     '^ 


I,  :3C 

^Bbouthed    wheel    which    impart**    or    iTceives    a 
I       movement   through   an   arc   of   a  circle   only. 
AJso  tern  let  I  a  »p\pnpntal  rtwk. 

Segmental  Work.— Building:  up  in  fM?g- 
ments,  hiatea^l  of  cuttin^^  from  one  solid  piece 
of  wcxxl,  is  a  very  ei>mmon  practice  in  pattern- 
i       making,  but  is  nec-essary  to  ^ome  extent  In  all 


curved  Wfiodvvork.  Its  advantages  are  that 
giiort  grain  can  lie  avoided,  and  warping  and 
shrinking  be  prevented.  A  ring  built  of  seg- 
ments as  in  Fig.  67,  A,  is  stronger  and  niore 
permanent  than  a  ring  cut  from  a  single  piece 
of  wood,  A  built-up  ring  is  the  commtmest 
example  of  segmental  work,  but  in  ijattem- 
making,  segmentJ^  are  used  in  all  constructions 
where  thei'e  ai"e  curves  and  slender  parts  which 
would  be  abort  in  grain,  if  cut  fiijm  single 
pieces.  Thus,  a  flange  on  a  rounded  corner 
may  be  built  up  as  in  Fig.  87,  c,  or  a  more 
complex  edge  may  be  made  up  as  in  D» 
either  of  une  layer  of  segments,  or  more  accord- 
ing to  its  depth.  In  B,  a  ring  on  a  plate 
m  shown  with  the  plate  built  in  jsegments,  so 
that  it  presents  end  grain  all  round  the  cir- 
cumference, and  cannot  shrink  out  of  tinith 
diametricallv*. 

The  usual  number  of  segments  in  one  layer 
of  a  complete  circle  or  ring,  as  in  A,  and  B»  is 
six,  Iiess  than  this  brings  in  very  short  grain 
at  their  ends.  In  large  rings  moi*e  than  six 
are  employed.  The  layerfi  in  oixlinaiy  woi^k 
are  generally  from  about  i  in.  to  1  in.  thick. 
As  the  strength  of  the  work  depends  on 
their  hipping  joints,  a  ring  as  in  a,  no  matter 
how  shallow^  could  not  be  constructed  with 
less  than  two  layers,  and  three  as  shown,  is 
more  satisfactoiy.     Hegments  attached  to  plates 


Fig.  87»— Segmental  Work. 


as  in  B^  r,  are  often  put  on  in  a  single  thick- 
ness if  the  depth  is  not  great.  Segments  are 
always  gUied  togctlier,  and  general h"  pegged, 
nailerl^  or  screwed  as  welL  Object  itms  t<» 
the  latter  practice  are  that  the  insertion  of 
nails  or  screws  after  gluing  t>i  likely  to  open 
the  joint,  and  also  as  segmental  wfji-k  almost 
always  has  to  be  turned  or  otherwise  finished 
to  shaj^  after  the  segments  tut?  togt*ther,  there 
is  some  risk  in  slender  work,  of  nails  running 
surticiently  to  one  side  to  come  in  the  way  of 
the  cutting  t^jols. 

A  section    of   the   work    to   Ije   built   up    is 
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inai'kefJ  out  to  full  size,  and  ilinstoiiH  made  to 
iiidicut^  tlie  iiun^bei*  «if  layers.  Very  often  the 
work  is  of  a  shape  which  requii^^s  fsome  of  these 
to  ix?  wider  than  others,  and  tliey  ai-e  cut  and 
huilt  in  accoi-dingly.  One  segment  is  markeiJ 
out  by  striking  the  outer  and  inner  radii,  and 
drawing  nulial  lines  to  itn  ends.  When  six 
segments  to  the  cu*cle  ai'e  emphjyed  the  radios 
gives  the  length  of  the  segment.  This  segment 
i«  cat  out  and  used  as  a  patteni  to  mark  the 
rest  from.  Tn  work  turned  in  the  lathe  the 
building  up  in  done  on  the  face  plate,  and  each 
layer  faced  to  a  true  sni-facse,  and  to  the  thick- 
nesk^  required  Ijefore  gluing  on  the  next.  The 
segments  ai^  fitted  by  planing  their  faces  with 
a  trying  plane  until  each  makes  a  close  joint 
in  the  jwjsition  in  wliich  it  is  intended  to  go. 
It  is  important  that  the  end  joints  overlap 
?iK  shown.  The  ends  are  genei*ally  iitted  by 
rutting  them  with  a  trinnner.  A  more  exact, 
ttiough  slower,  way  is  to  use  a  trying  plane 
on  its  side  with  the  segment  laid  on  a  shooting 
ixianl.  Tlie  segments  are  glued  in  place,  one 
at  a  time,  and  generally  crampetl  witli  hand- 
screws  either  until  they  have  lieen  nailed,  or 
until  the  glue  has  set« 

Seizing". — When  metallic  surfaces  in  fric- 
tional  contact  become  so  hot  that  the  particles 
of  metal  become  abradetl,  and  t^jni  out  the 
term  seizing  is  applied.  As  hmg  as  a  film  of 
lubricant  is  interposed,  this  mishap  cannot 
occur^  but  only  when  metal  runs  in  contact 
with  metal.  The  remetly  is  to  8t4>p,  and  p>ur 
hot  water  on  the  journal,  followed  by  cold 
water. 

Self- Acting. — A  machine  t4.>ol  ia  said  t^i  be 
we  If -acting  in  relation  only  to  portions  of  its 
mechanism.  TIuih  a  slide  rest  is  rendered  self- 
acting  by  the  lead  screw,  oi*  the  back  ."shaft. 
The  feed  of  a  drill  or  cuttar  is  self-acting  w*hen 
it  m  perfiirmed  by  gears  or  belt-s,  as  distinguished 
fi"oni  that  aiforderl  by  a  hand  lever,  or  a  hand- 
wheel  and  screw.  There  may  be  moi'e  than 
one  "ielf -acting  element  in  a  machine.  The 
distinction  between  a  machine  of  this  kind  and 
one  which  is  fully  automatic  is,  that  the  move- 
ments  of  the  latter  are  all  performed  automatic- 
ally after  the  machine  is  start^^d.  A  self  acting 
motion  is  an  automatic  one,  but  the  machine 
a^  a  whole  is  not  automatic  unlesji  it  fulfils  the 
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condition  just  stated.  Self-acting  movemenU 
are  extremely  common,  but  fully  autoinatir 
ma<:hine  types  are  relatively  few  in  number. 

Self-Centring. — The  property  poasesaed  bv 
various  chucks  used  iji  lathe^^  drilling,  aikI 
grinding  machines^  of  c^Dncentric  movement  of 
the  jaws ;  they  operate  simultaneouslyr  so  timt 
an  object  is  gripped  and  heJd  in  a  eentraJ 
position  without  the  necessity  of  making  tenta 
tive  trials  and  adjustnients* 

Self-Delivery-— The  deliver}^  of  a  pattern 
from  the  mould  without  requiring  the  use  \A 
cores. 

Self-Kxcit3.tion. — Tlie  characteristic  of  a 
dynamo  which  enables  it  to  build  up  a  magnetic 
field  upon  the  jx>tation  of  its  armatm-e  froio  th*- 
residua]  magnetism  of  its  magnet  poles. 

Thus  a  shunt- wound  dynamo  will  l>e  self- 
exciting  wdien  started  up  with  its  arajat«re 
circuit  open,  if  the  shunt  be  connected  acrofsi 
the  brushes,  but  a  serie^i^wound  machine  virill 
excite  only  when  on  short  ciixuit. 

The  connections  of  field  windings  ait*  fully 
explained  under  Dynamo,  *SL*c, 

Self-Fluxing  Ores. — Iron  ores  which  con- 
tain enough  calcareous  matter  for  fluxii^ 
without  requiring  any  to  be  added  to  tlie 
charge. 

Self-induction. — When  a  coil  or  electw- 
magnet  is  excited  by  passing  an  electric  curreat 
through  its  windings,  and  upon  the  bt^eaking  rf 
the  exciting  circuit,  a  reverse  E.M,F,  or  bftck- 
electromotive-force  is  produced  tending  t^ 
generate  curi'ent  which  wiU  flow  in  a  directi^in 
opposite  to  that  of  the  piTvimis  exciting  curi'ent 

for  a  short  period  Sm  Alternating  Currents. 

Sellers  Friction  Discs.^An  ingenicnis 
device  first  applied  by  Wm.  Sellers  to  the  0[)eni- 
tion  of  lathe  feeds,  Fig.  88,  Though  now  neiirly 
abanfloned  for  that  purpose,  since  cutting  hw 
become  heavier,  it  is  used  in  othei*  ways,  as  for 
driving  the  feeds  of  cold  ii-on  saws. 

The  principle  is  that  of  wed^e  fnctioo, 
applied  to  effecting  a  gi^eat  reduction  of  speed, 
which  permits  of  doing  fairly  heavy  work.  A* 
originally  applied  to  the  feeds  of  sei^w*  cutting 
lathes,  the  discs  wej'e  interpose<l  lietw^een  spw 
gears  at  the  spindle  end  of  the  train,  and  otijers 
at  the  feed  rod  end*  Solid  flisca,  A  and  c,  tm 
at  each  end  of  the  train,  are  grippefl  between 
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two  adjustable  clises  b  tiituiited  niidwuy,  tlie 
friction  set  up  by  the  grip  beini;  sutiieient  to 
c^fFect  the  driving,  Ekjual  i^np  is  ensured  for 
both,  by  pivoting  tlie  flanking  dii*cg  b  on 
^lobul^i^  seatinga.  The  varying  ratios  of  feed 
«re  obtained  by  the  reUitive  mdial  positions  of 
tlie  discs,  the  necessary  movements  being 
eomtnunicated  to  the  banking  ilim^  in  a  direc- 


Fig*  88.— Hellers  Friction  Di»c!i» 


til  in  tangi^ntial  ta  that  of  the  nuHd  ones*^  which 
movement  is  effected  by  a  scrt*w,  d*  The  eJfect 
isi  to  cause  the  grip  to  take  place  at  varying 
distances  from  the  centre  i>f  the  niuvabh*  disCi* 
B  with  cori^esponding  dmet^nfes  of  speeds  ui 
driWng  to  the  feed  nxl  K.  After  ttdjustment, 
the  flanking  tli?*cs  B  mx*  tigh tenet f  on  the  others. 

Semi  Automatic- — This  \h  practically  iden- 
tical in  mean  i  111^'  with  the  term  welf-iicting.  It 
Bignifie^  a  macliine,  some  of  the  moxeiiientR 
iTuly  of  which  are  aut^miatici  aofl  which  tliei'e- 
fore  iietjuire^  constant  attendance,  A  cojnmon 
capstan  lathe  is  the  most  fannLiar  example  of 
this  type  to  which  the  term  is^  applied. 

Semi-Beam* — A  beam  supported  atone  end 
only,     A  wtntilevtT. 

Semi  Portable  Engine— 5^^'-  Portable 
Engine- 

Semi-SteeL — A  Kteely  iivm  which  may  Ije 

produced      in      the  puddling      furnace.     *sVe 

Puddled  Steeh 


Sensitive  Drilling  Machine— ?^mall  drills, 

below  abi>ut  half  an  inch  in  diameter,  are  mi  easily 
bnjken  ai*  twi.st4>d  ofl:'  V>y  undue  pres^.sui'^  that  it 
m  necessary  to  pnivide  some  methwl  of  feeding 
them  in  machines  that  will  enable  the  attendant 
to  feel  the  cut  and  pressure^  and  iTgulate  the 
lattei'  to  a  nicety,  No  form  of  sciew  fecfl 
will  accomplish  this,  neither  will  it  let  the 
spindle  lie  withdl1^w^l  quickly 
enough  should  occasion  ari^.  A 
direct  lever  prenauiv  is  thei'cfore 
employed,  so  that  tlic  dnlln  can  be 
wforked  up  to  the  limit  of  their 
endurance,  and  yet  tae  saved  from 
breakage  should  uneven  spr>tj>  l>e 
encountered  in  the  metal,  or  jam* 
ming  occur  tlutjugh  the  cuttings 
ckigging  in  the  hole.  The  rapid 
movement  uf  the  spindle  als<i  per- 
ndta  the  attendant  tt*  fi-cquently 
raisic  the  drill  fn>m  it^  hole,  for  the 
]>ui*po!se  of  cletuing  the  cliips. 

There  ai'e  two  well-dellned  types 

1r'  "tj-— ^  of  these  machines,  one  in  whlcli 
SLJI^^  the  pre.s«ure  lever  is  couple*!  to 
links  attached  to  a  loa^^  collar  at 
the  tiip  uf  the  spindle,  the  other  in 
whii.'h  a  liM>se  sleeve  encircles  the 
Hpindle  near  the  iKittotn,  and  has 
a  rack  u|xin  it»  moved  up  and  down  by  a  pinion 
and  lever,  so  that  a.^  the  sleeve  goes  up  or  tlown, 
the  spindle,  being  coerced  by  collars,  mti\'es 
also.  In  all  cases  a  spring,  or  a  couiiter- 
Imlance  tends  to  raise  the  spindle  always  to  the 
bipmost  position  t 

The  Slrtte  type  of  sensitive  drill  1**  the  best, 
including  as  it  does  the  mck-fed  sleeve  and 
coiled  counterbalance  spring,  and  the  drive 
through  an  endle^  belt,  which  laps  artmnd  the 
jiulley  of  one  spindle,  or  ait>uud  several  in  turn. 
Fig.  89,  Plate  VI,,  shows  a  machine  of  this 
pattern  by  Messrs  Alfred  Herbert,  lAd.,  fur 
holes  up  to  ^  in.  The  spindle  runs  in  a  top 
bush^  around  which  the  driving  pulley  is  place*!, 
and  also  in  the  feed  slee%e^  which  is  racked 
up  and  down  to  a  limited  extent  in  the  atl- 
justiible  bt]>ttom  bearing ;  the  latter  can  be  slid 
up  ur  down  upon  the  fiice  of  the  column,  and 
clamptd  with  the  Iiandle  seen  behind.  .V  ring 
of    balls    receives    the    upward    thrust    of    th© 
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spindle  agiiin.st  the  face  of  the  f^leeve.  The 
pulley  at  tlie  base  receives  a  belt  from  a  three- 
stepped  countershaft,  and  the  ace  drives  the 
drill  spindJe  bj  another  belt  passing  up  over  the 
idler  pulleys.  Slack  is  absorbed  by  moving 
the  base  puHe}"^  Ije^ri ng  do^tiwarda  upon  its 
circular  stem,  and  clamping  it  again  with  the 
set-acrew.  The  machine  table  ia  left  plain,  as 
shown,  it  being  usually  unnecessary  to  secure 
the  work  except  by  holding  it  wi^th  the  hands. 
A  stop  collar  is  gripped  to  the  sjiindle  above 
the  pulley,  to  enal>le  holes  of  various  depths  to 
be  fh'illed  without  gauging. 

This  luacliine  is  constructed  for  use  on  the 
bench ;  an  indepetiderit  pillar  type  is  lahown 
in  Fig.  90,  Plate  VI*  Here  the  upper  work 
table  can  be  swung  aside  for  deep  w^ork, 
leaving  the  lower  adjust^able  table  open  to  the 
spindle.  When  shafts,  itc,  ha^e  t*>  be  flealt 
v%ith,  a  small  cuji  centi*e»  seen  on  the  ground, 
ifi  inserted  in  the  socket  fjf  the  lovver  table  in 
place  of  the  flat  plate.  The  countershaft  at  the 
base  renders  the  machine  self  containeil.  In 
another  pattern  tliere  is  only  one  t-able,  and 
this  slides  up<m  the  circular  column,  Wing 
balanced  by  a  steel  cord  ami  counter- weight 
insitle  the  cohnnn.  A  clamping  handle  Hxes 
the  table  firmly  when  in  position,  Theie  is  a 
bole  in  the  centre  t*j  receive  the  lo<)se  cup. 

Fig.  91,  Plate  VI.,  illustmtes  a  heavier  class 
of  drill,  for  holes  up  to  1  in.,  and  difiering  fn:im 
the  pi^evious  examples  in  having  a  star  handle 
for  feeding,  and  a  slotteil  table,  with  rack  and 
pinion  motion  for  elevating.  An  electric  motor* 
at  the  ft*ot  drives  through  enclose*!  spur  gears 
to  the  three-stepped  cone,  antl  the  drill  spindle 
has  a  two-stepped  pulley,  so  giving  six  speed 
changes. 

The  multi'Spindle  machines  are  useful  wlien 
several  different  sis^ed  holes  have  to  be  drilled 
in  succession,  or  countersinking  or  recessing  is 
required  to  be  done.  A  good  deal  of  time  is 
sased,  because  it  is  unnecessary  to  change 
drills.  Fig.  ^%  Plate  VI.,  is  a  four-spindle 
ilrill  of  the  same  general  consti'uction  as  the 
previous  machines,  but  having  a  conimon  table 
for  all  the  drill  spindles,  and  a  single  belt 
arrangement  for  driving  the  four  spindles.  Tlie 
cone  about  half- way  up  the  column  is  driven 
from  the  counter  at  the  Imse,  and  then  an 
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emUenSS  belt  passt^s  over  the  idlers,  and  round 
each  spindle  pulley.  Two  vertical  idlers  behin^l 
receive  the  belt  as  it  passes  from  the  outer 
spindle  pulleys^  the  lay-out  being  son*eT*hat 
similar  to  that  shown  in  Voh  II.,  Fig.  122, 
N,  except  that  the  central  back  idler  is  omittcHl 

Separator. ^ — A  device  for  throwing  down 
the  particles  of  water  which  comeoif  w-ith  st**;vni 
in  a  condition  of  saturation,  so  lejiving  the  stejiiu 
free  from  condensed  particles.  S^e  Steam 
Separator     Ah**  Centrifugal. 

Series  Winding— Tlie  method  <jf  winding 
an  electromagnet  which  provides  that  the  whole 
of  the  curi-ent  pissing  in  the  circuit  of  wlijch 
the  magnet  is  a  function  shall  flow  aroUQfl  the 
turns  o^  the  magnet  coiL  Sm  Dynamo, 
Electric  Motor,  etc. 

Series  winding  is  not  mnch  used  for  dynam**^ 
(except  in  conjunction  with  shunt  winding>i 
for  compound- wound  machine^*)  but  is  often 
advantageous  for  mot^jrs  for  special  purftotses^ 
such  a-^  electric  cranes,  electric  pumps,  eiectrie 
traction,  (fee,  or  in  other  eases  where  it  i* 
convenient  that  the  spee<l  of  the  mot^^r  shall 
autoruaticjilly  vary  with  the  load.  Series  wind 
ing  is  also  fi'equently  used  in  electrical  mechau 
isms  where  an  electrical  balancing  effect  U 
desired,  such  as  Arc  Lamps,  *tc.,  where  the 
power  or  position  of  the  mechanism  la  tt» 
depend  npon  the  current  in  the  circuit-  Ala** 
in  electric  meters  a  series  w^inding  is  often 
armtigcd  to  influence  or  contif>l  the  meter  by 
its  variable  opptDsition  to  a  shunt  v\Hndiag  exert 
ing  an  eflect  upon  the  controlling  or  operating 
device  of  tlie  registering  or  revi^lvdng  parts  of 
the  meter.    *sv  Shunt  Winding* 

Serve  Tubes —-^'^f^  Tubes. 

Serving. — Winding  a  rojM?  witli  spun  yarn 
to  prevent  it  from  liecoming  chafed  by  contact 
w^ith  its  pulley.  A  serving  hoard ^  and  a  servin 
malie^  are  used  for  winding  and  pulling  the 
yarn  taut,  and  for  eompi^essing  it.  llxe 
lioartl  aflords  the  necessary  leverage. 

Set. — Denotes  the  deiiet^tion  fif  a  bar  or 
structure  under  stress.  It  ta  temporary,  or 
permanent  in  character^  safe,  or  dangenius  in 
amount,  ft  is  safe  wlule  within  the  elastic 
liiuit,  dangerous  when  it  exceeds  that. 

Set  Hammer. — A  squai-e  faced  haunner, 
handled  for  use  at  the  anvil.     Its  function  is  to 
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Fig.  8&* — Bench  Hjsnsitive  Deilmnci  MACiifN^ 


Fig*  90»— PiLi^AB  SExsiTiVE  Dkilll^<^ 
Mactuine. 
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set  tlown  shouldered  p^rts  tm  for-gings,  Hm 
Smith's  Tools. 

Set-off. — A  cQiiaiiion  term  wliieli  8igniiie« 
gen  era  il}*  the  t^houldering  down  af  a  portion  af 
work,  or  the  standing  out  of  one  portion  from 
another,  in  linei  or  iit  an  angle. 

Set- over, — R-elates  to  placing  the  centre  of 
the  mandrel  of  a  lathe  Iwifk  puppet,  or  fiootstock 
out  of  aUgninent  with  that  <*f  the  fast  head,  for 
doing  tjiper  work,     ^ee  PoppetS. 

Set  Screws-  5^^^  Bolt. 

Set  Square. — *V  Hi|uare  usetl  for  t.€»?!ting 
internal  arigleii,  and  made  of  wood,  metal, 
4.-elluloid,  or  vulcanite-  For  convenience  the 
angles  which  tJie  hypotenuse  makes  with  the 
hane  and  perpendicular  edges  are  either  45*, 
or  'W  and  G0^ 

Setting  Hammer— A  light  civ>^s-pane 
hammer  alike  at  both  end-s  used  for  imfMirting 
the  set  to  s^iws.    ^^t  Saw  Sharpening. 

Setting  of  Boilers. — *^>'e  Lancashire 
Boiler, 

Setting  of  Valves.— '*^^^  Valve  Setting. 

Setting  Out' ^ — TJie  same  as  hning  outj  or 
tijHrkiug  out  work. 

Setting  Screws.— Set-sere W8  used  for  the 
adjiLstment  of  tiLkey|>  strips.  They  pusli  the 
strips  forward,  and  other  .screws  at  right  angles 
effect  tlie  tightening, 

SettSi — Chiselii  other  than  tlie  common 
chipping  chisel  J  used  by  fitters,  smiths,  and 
boilermakeis.  They  are  held  in  the  hand,  or 
by  long  handler,  or  reins^  of  ii'on  or  withy. 
They  are  of  various  Jihapes^  with  simple  double 
bevelled  chiseMike  edges — the  chisel  setts,  or 
curved — ^the  gtjuge  sett-s.  Tliey  ai'e  use<l  for 
cutting  off  cold  metfti— co/rf  miU^  or  hot — ktii 
mtis^  the  latter  being  ground  with  a  thinner 
bevel  than  the  former. 

Sewage  ^ — With  any  sewerage  system  based 
on  the  water-carriage  removal  of  sewage, 
particular  local  exigencies  frequently  require 
that  some  portion,  if  not  the  whole  should  be 
lift^L-^l.  The  installation  of  costly  engines  and 
pumping  plant  is  being  superseded  by  the  use 
of  automatic  lifts  and  ejectors,  working  by  com- 
pressed aSr, 

In  Shone's  pneumatic  eject<Jr  the  s^ewage 
gravitates  from  the  sewers  into  the  ejector, 
an  air-tight  receiverj  eompre^ing  the  contained 


air.  When  the  ejecttir  is  full  of  sewage,  the 
compresiiitm  of  the  air  is  such  that  a  bell 
in  the  upper  part  of  the  cluimber  is  lifted, 
and  this,  thix>ugh  the  meflium  of  an  attached 
spindle,  opens  the  compresiied  air  admiission 
valve.  The  valve  on  the  inlet  pipe  is  immedi- 
ately closed,  aiul  the  contents  of  the  ejectf*r  are 
expelled  through  an  nutlet  pijie  into  the  sewage 
rising  main  or  highdevel  gravitating  siewer.  A 
weighted  cup  at  the  l>ijttoni  of  the  spindle  then 
pulls  down  the  l>ell  and  spindle^  the  supply  of 
compi'essed  air  is  cut  ofl',  the  outlet  valvf  falk 
on  its  seat,  the  air  inside  the  ejector  exliausts 
down  til  atmoHpheric  pressure,  and  sewage  again 
enters  thniugh  the  inlet  valve. 

The  Adams'  sewage  lift  is  tu-tuateil  by  air 
compressed  by  a  column  of  the  sewage  itself. 
In  the  highest  part  of  the  system  is  a  "  flush 
t^nk,"  fed  with  sewage  or  water.  This  is 
discharged  thrnQgh  its  pj-essui'e  pipe  to  an 
*'  air  cylinder "  below,  and  the  air  displace<i 
in  this  cylinder  passes  by  an  air  pipe  t4>  a 
''forcing  cylinder,*  the  contents  nf  which  ai'e 
thereby  discharged  through  the  rising  uiain. 
The  contents  of  the  air  cylinder  are  then  with- 
drawn  by  a  syphon,  and  the  forcing  cylinder 
is  again  filled  with  low  level  sewage.  WTiere 
suitable  gradients  exists  the  sewage  lift  cham- 
bers are  placed  below  grt>und,  and  the  sewage 
itself  then  operates  the  lift;  otherwise  the 
flush  tank  and  air  cylindei*  are  placed  as  in 
a  tower  or  column.  This  Bystem  is  also  very 
convenient  for  raising  sewage  in  underground 
conveniences  or  the  bfutements  of  hotels  and 
institutions  bel«>w  the  sewer  level.  In  such 
cases,  the  water  used  for  the  ilush  tank  is 
afterwards  stored  in  a  tank  to  supply  lavatories* 

The  introduction  of  methods  of  sewage  disposal 
by  chemical  or  by  bacterial  treatment  is  of 
special  interest  to  the  engineer,  owing  to  the 
tie  man  d  for  appliances  for  receiving  and  handling 
the  sewage  in  its  different  stages  of  pm^ifi cation. 
As  stated  under  Bacteria  Beds,  it  is  now 
conclusively  pixived  that  raw  sewage  may  lie 
completely  purified  by  natural  processes,  and 
that  given  suitable  conditionsj  the  micro- 
organisms pi-esent  in  the  sewage  are  capable  of 
liquefying  offensive  solid  matt-ers  and  converting 
them  into  harml^s  nitrates  and  nitiites.  Befot^ 
arriving  at  this  knowledge,  much  experimental 
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work  was  done  in  chemical  precipitation,  and 
many  authorities  have  adopted  this  method 
of  disposal.  The  pi-ecipitants  that  have  been 
or  are  employed  are  lime,  sulphate  of  alumina, 
protosulphate  of  iron,  alum,  ferrozone,  and 
sulphate  of  iron. 

Precipitation  takes  place  in  large  shallow 
tanks  having  a  depth  of  4  ft.  to  5  ft.  at  one  end, 
and  6  ft.  at  the  other,  the  lower  surface  being 
inclined  towards  the  inlet  end  to  allow  the 
sludge  to  gravitate  or  be  swept  in  this  direction. 
The  clear  liquid  in  the  upper  portion  of  the 
tank  slowly  overflows  in  systems  of  "continuous" 
sedimentation,  or  is  decanted  after  a  period  of 
rest,  when  a  system  of  intermittent  filling  is 
adopted,  and  the  sludge  is  withdrawn  when  a 
quantity  has  accumulated.  In  Candy's  system 
the  sludge  is  drawn  from  the  bottom  of  the 
tank  through  a  perforated  pipe,  and  so  discharged. 

The  liquid  sludge  is  black  and  of  a  powerful 
odour.  It  contains  as  much  as  90  per  cent,  of 
water,  while  the  analysis  of  dry  sludge  reveals 
56*53  parts  of  volatile  and  organic  matter, 
29*12  sand  and  insoluble  matter,  14*35  other 
organic  matter.  In  summer  time  it  rapidly 
putrefies,  and  requires  frequent  removal  from 
the  tanks.  The  problem  of  the  disposal  of  this 
offensive  sludge  has  been  variously  solved :  (a) 
by  shipping  it  and  depositing  it  in  the  deep 
sea;  (6)  by  drying  in  trenches  and  digging  it 
in ;  (c)  by  burning  it  when  dried ;  (o?)  by  con- 
verting it  into  cake  for  manurial  use.  Sludge 
is  converted  into  cake  in  a  filter  press  which 
consists  of  a  number  of  square  iron  discs  sliding 
on  guides,  and  forming  when  pressed  together  a 
body  resembling  in  shape  a  square  prism.  The 
face  of  each  plate  is  recessed  and  grooved,  and 
covered  with  a  filtering  cloth.  The  hollow 
spaces  l)etween  the  plates  are  filled  with  wet 
sludge,  and  pressure  is  applied  at  one  end  by  a 
heavy  press  head.  In  small  presses  oper- 
ated by  hand  power,  the  pi*ess  head  is  moved 
backwards  and  forwards  by  means  of  a  rack 
and  pinion,  pressure  being  applied  by  a  wheel 
(or  nut),  with  slots,  turned  with  the  aid  of 
levers.  In  those  of  larger  size,  compressed 
air  or  hydraulic  power  is  used  to  close  the  press. 
The  liquid  passes  through  the  filtering  material 
and  trickles  down  the  grooves  of  the  plate 
through  an  outlet  at  the  bottom  to  a  trough. 
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Sludge  is  forced  into  the  press  by  means  of  s 
ram  operated  by  compressed  air.  Hcreenin^ 
apparatus  is  advisable  to  prevent  the  entrance 
of  foreign  material  such  as  waste  cloths,  mop 
heads,  &c.,  entering  the  pressing  plant. 

The  resulting  dry  sludge  cakes  weigh  about 
one-fifth  of  the  original  weight  of  the  wet  sludge, 
and  contain  only  about  50  per  cent,  of  moisture. 
There  is  some  difference  of  opinion  as  to  the 
manurial  value  of  the  cake.  Much  of  couiiie 
depends  on  the  quality  of  the  sewage.  Though 
the  original  micro-organisms  are  present,  the 
mass  is  practically  sterile,  until  exposure  to  the 
weather  and  the  warmth  of  the  soil  awaken 
bacterial  life. 

The  expense  of   chemical  precipitation,  and 
the  resulting   problem  of   sludge   disposal  are 
avoided  by  the  all-bacterial  treatment  of  sewage. 
After  treatment  in  septic  tanks  and  filter  beds, 
the  foulest  sewage  issues  as  a  clear  and  odour- 
less effluent.     Sewage  as  it  leaves  the  sewers 
contains   much    insoluble    and   foreign   mattet 
which   would   clog    automatic   apparatus,  a-t^^ 
choke  the  contact  beds.     The  sewage  is  thec^' 
fore  frequently  led  into  a  detritus  chamber^     ^ 
which  such  matter  either  sinks  to  the  botton»     ^^ 
is  intercepted  by  wrought-iron  screens.     Jc^  ^^ 
Smith  k  Co.  make  an  automatic  sewage  scn*^"^ 
in  the  form  of  an  endless  flexible  screen  b^"""^ 
carried  on  a  pair  of  drums.     The  apparatus  -^ 
driven  by  the  flow  of  the"  sewage  itself  by  mea  — ^ 
of  a  water-wheel,  so  that  the  speed  of  the  bai^^ 
is  always  adjusted  to  the  rate  of  the  flow 
sewage.     As   the   sewage    passes   through   ttf^ 
band,  sticks,  hair,  paper,  rags,  tfec,  are  arrest^^ 
and  drawn  up  and  deposited  on  the  receivii^:^ 
platform,  or  into  a  worm  conveyor.     From  tl    ^ 
detritus  chamber,  screening  chamber,  catch  pi^^ 
grit  chamber  or  whatever  it  may  be  named,  tli^^ 
sewage  is  carried  to  the  septic,  sedimentatiorE  ^ 
scum  or  liquefaction   tank,  and  thence  to  th^ 
filter   beds.     The    problem    of    conveying   the 
liquid  from  chamber  to  tank,  and  tank  to  bed, 
and  from  bed  to  bed  has  resulted  in  the  inven- 
tion of  many  devices,  most  of  which  work  of 
necessity  automatically.     Messrs  Adams   wei*e 
the  first  to  make  such  apparatus  for  operation. 
Mr  Dibdin's  original  bacteria  beds  at  Sutton, 
Surrey,  laid  down  in  1895,  are  shown  in  the 
photograph.  Fig.  93,  Plate  VIT. 
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irs  JVIa titer  k  Plrilt's  automatic  measuring 
I  is  desi^etl  X^  I'egulat^  the  quantity  of 
MrjBftfisiLDg  from  the  HC^iuientation  tank  to 
nliU^t  bed.  Pi%'oted  al»out  a  liorizDiital 
ftre  a  flap  valve,  counterbalance  weights, 
i  cylindrical  t>alanee  drum.  The  drum  i.s 
scted  by  a  flexible  pipe,  with  a  iiiea.su r- 
haniijer  feil  from  the  sedimentation  tank. 
a  this  me^tsuring  chaud:ier,  and  consequently 
klanee  drum  are  empty,  the  latter  is  niisetl 
be  counterljalancL*  wei^ht^^j,  and  the  flap 
I  cluMsed.  A^  the  measunng  chamber  61U. 
fee  flows  through  t!ie  flexible  pipe  into  tht* 
^  until  it-H  weight  over  crimes  that  of  the 
|©rl»alanfe  weigh t-^s ;  the  Hap  valve  is  opened, 
I  meai!iut*ed  quantity  of  sewnge  is*  flischarged 
ifiti-ibutioii  over  the  Ijerb.  The  c*>ntent^ 
te  drum  are  discharged,  and  when  the 
ber  \^  empty  the  valve  closes  agiiin. 
e  problem  of  periodical  filling  and  empty- 
I  liacteria  lied;^  has  been  specially  studied 
IflajuH  Hydra uli&%  Ltd.,  who  have  devised 
ftl  excellent  automatic  deviceia  based  tm 
principle  of  the  svphori.  In  tilling  a 
tiie  air-lock  feed  cut-s  off  the  fiupply  of 
IfB  by  the  action  of  the  rising  liquid  in 
fessing  and  forcing  tht«  air  in  n,  dome 
Igb  a  pipe  to  the  interior  of  the  feeil.  For 
iXit4.aiiatic  emptying  of  bed?*  the  syphon  is 
li  in  a  flushing    tank   drawing  it^  supply 

the  lieil  thixjugli  a  st4>pctK'k.  The  sjyphon 
lU  o^enJraw  pi|>e  dipj.iing  intu  the  ctmtact 
puid  thivjugli  thiis  pij>e  the  liquid  frouj  the 
^  transferred  to  the  Hush  tank,  and  dis- 
fed  by  the  syphon* 

le  difficulty  of  distributing  sewage  evenly 
•  the  filter  beds  is  reflected  in  the  large 
ter  of  patent  spreadei-s  oij  the  market. 
il  [lerf orated  pifies  laid  on  the  surface  of  the 
^have  pi-oved  unsuc^^esaful,  so  that  the 
^ty  i»f  these  spreadei'ji  are  de*signe<.i  t*) 
i  in  some  way.  The  etfluent  is  leii  into  a 
inn  erects  in  the  centi^  of  the  l>ed,  iitid 
I  along  tw^u  or  four  arms  extending  t+j  the 
piferenee  of  the  bed,  and  lying  just  abi>ve 
iurfaee  of  the  filtering  material*  These 
I  are  support^  by  tie  rods  attached  to  the 
lid  column.  Tile  armhi;  ai"e  eitljer  perfomted 
i^  or  troughs  fn^m  which  the  effluent  is,sues 
|i^  and  so  during  each  revolution  is  rained 
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over  the  entiie  surface  of  the  lietl.  Many  of 
theni  are  actuated  by  the  flow  t»f  sewnge  itself, 
the  reaction  of  the  liquid  issuing  in  jets  from 
the  arms  bringing  ubtiut  a  movement  of  imita- 
tion. The  earliest  roUiry  distributors  were  the 
invent  it ^n  of  Messrs  Candy,  Whittakei;  and 
Cainkf  and  one  of  the  most  succe.ssful  at  the 
pi^esent  time  is  the  Catidy-Whittaker  Inioyant 
sprinkler.  The  weight  of  the  apparatus  is  not 
carried  on  bearings,  but  by  a  float  or  buoy,  in 
the  form  of  a  cylindrical  tank  floating  in  a 
small  chamber  in  the  centre  *if  the  l>eti*  The 
rotating  part  of  the  sprinkler  is  attached  to  the 
buiiy,  which  also  rotates.  Another  feature 
pef^uliar  to  this  appliance  is  the  frictionless 
meix!ury-seal  joint*  the  Ijearings  being  enclosed 
in  a  meivury  bath,  reducing  the  friction  t<;i  a 
minimum.  Tins  of  course  does  not  fi*ceze,  keeps 
out  all  wi|,ter  and  moistui*e,  and  prevent.^  rust- 
ing of  tlie  parts.  FjOss  of  mercury,  owing  t*> 
excess  of  head  is  prevented  by  a  lotisely  fitting 
split  gun-metal  check  ring»  situated  at  the 
extreme  upper  part  f>f  the  inside  pirtion  of  the 
rnercurv  seal.  Mather  k  Piatt  pnxluce  an 
automatic  rotating  spi'eader  with  two  or  four 
armsj  consisting  of  open  troughs,  or  perforated 
pipes,  the  range  of  bed  covei^  being  frtim 
14  ft,  to  upwards  of  '200  ft.  dianteter.  A  laryje 
spi-eafler  of  this  ty[ie  hiid  down  at  Chiciiester 
is  capable  of  dealing  with  a  million  and  a 
quarter  gallons  of  sewage  in  twenty-fcmr  hours. 
It  is  ehfctrically  dri\en,  and  a  mot4>r  is  placed 
at  tlie  extiTmity  of  each  of  the  two  armn,  the 
arms  being  supported  on  carriages  running  on 
a  circulai'  timck  outside  the  filter  befi.  Anniher 
important  instjillation  is  that  at  Huddersfiehl, 
where  thei*e  are  thirteen  electrically  driven 
spreaders,  each  with  four  arms  for  beds  20 T  ft. 
in  diameter. 

Adams  Hydrauhcs,  Ltd.,  claim  tliat  their 
Cresset  distributor  is  nearly  friction  less,  owing 
to  the  particular  form  of  joint,  between  tlie 
fixed  supply  and  the  involving  tank.  With 
a  hea4Li  of  1 1  in.  and  upw^ards  of  water  above 
the  spniy  hule.s  they  I'evolve  against  the  stitingest 
head  wind,  and  under  normal  condition*  revolve 
with  a  head  of  only  1  in.  of  water  above  the 
spi-ay  holes.  Tlie  ,mme  Kwxn  have  an  electrically 
tlriven  distributor  in  which  the  driving  |Kiwer 
(two  electric*illy  driven  fans)  is  applieci  at  the 
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points  of  greatest  leverage,  the  extremity  of  the 
arms.  A  distinctly  novel  and  ingenious  device 
underlies  yet  another  distributor  made  by  this 


attached  rod  stretching  right  across  the  bed, 
and  at  the  end  of  each  rod  is  a  reel  which  also 
is  set  in  revolution.  A  continuous  belt  (carried 
by  supports  on  the  outer  circle  of  the  filter) 
is  looped  round  the  reel,  and  so  the  rod  revolves 
round  the  central  pivot.  The  sewage  is  dis- 
tributed by  a  perforated  arm  depending  from 
the  rod. 

The  Scott  Moncrieff  rotating  distributor,  by 
Manlove,  Alliott,  k  Co.,  is  another  type  of 
spreader  revolving  like  the  hand  of  a  clock, 
being  supported  at  the  outer  end  by  a  rail 
running  all  round  the  bed.  The  tank  effluent 
flows  into  a  vertical  stand  pipe  in  the  centre  of 
the  bed,  and  the  rotating  arm  is  composed  of  a 
large  main  trough  fed  from  this  central  pipe. 
Along  one  side  of  the  main  trough  is  a  series  of 
small  short  troughs,  fed  from  the  main  carrier 
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firm.  The  sewage  rises  in  a  column  at  the 
centre  of  the  bed,  and  is  discharged  from  two 
arms  on  opposite  sides  to  paddles,  which  then 
revolve.  Each  paddle  imparts  motion  to  an 
96 


through  a  port  which  admits  sewage  according 
to  the  distance  from  the  centre.  This  ensures 
even  distribution,  for,  as  in  all  revolving 
spreaders,  the  portions   of  the  pipe  or  trough 
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furthest  from  the  centre,  sweep  over  a  greater 
ftrea,  in  the  same  time,  than  those  nearest  the 
centre.  The  apparatus  is  driven  by  its  own 
oil  motor,  and  is  independent  of  the  head  of 
sewage,  or  the  velocity  of  discharge.  A  light 
gangway  traverses  the  distributor,  to  allow  of 
close  observation  of  the  bed,  or  inspection  of 
working  parts  and  effluent. 

The  majority  of  filter  beds  are  circular  in 
shape,  but  occasionally  rectangular  beds  are 
constructed,  and  for  these  the  Wilcox  k 
Raikes  Distributor  is  specially  designed.  This 
is  an  electrically  propelled  trough  distributor 


system  has  only  its  cheapness  to  commend  it. 
A  good  head  is  constantly  required,  orifices  be- 
come clogged  up,  and  the  distribution  is  uneven, 
a  greater  quantity  of  liquid  being  delivered  at 
the  outside  edges  of  the  area.  Moreover,  a 
number  of  sprays,  circular  in  shape,  are  bound 
to  leave  unwetted  a  good  proportion  of  any  bed. 
To  obviate  the  latter  difficulty  Adams  Hydrau- 
lics, Ltd.,  have  patented  a  square  shaped 
spray. 

Shackle. — A  loop  with  a  loosely  fitting  pin. 
in  the  eyes,  to  which  a  chain  hook,  cable,  or 
rope,  is  anchored.     The  pin  is  removable,  being 


which  traverses  the  entire 
length  of  the  bed  on  tram 
lines  laid  at  the  two  sides. 
One  side  of  the  bed  is  fed, 
while  the  distributor  travels 
in  one  direction,  and  the  other 
half  on  the  return  journey. 

Fig.  94  shows  the  construc- 
tion of  Messrs  Bum  Brothers' 
sprinkler ;  the  centi-e  piece  is 
a  tapered  column,  connected 
to  the  supply  pipe  by  a  duck- 
foot  bend  bolted  to  a  concrete 
foundation.  A  head  rotating 
on  ball  bearings  at  the  top  of 
the  column  takes  the  weight 
of  the  delivery  tank,  and  of  the 
arms  by  iron  rods,  and  steel 
wire  ropes.  Each  delivery 
arm  (there  are  usually  two)  has 
a  shaft  lying  parallel  to  it,  sup- 
plied with  a  series  of  pivoted 
tapered  fingers,  having  wings 
on  the  back,  so  as  to  divert  the 
jets  into  two  streams.  Elach  shaft  is  connected 
to  an  annular  float  within  the  circular  tank. 
Any  increase  or  decrease  therefore  in  the 
quantity  of  sewage  imparts  a  corresponding 
movement  to  the  float,  so  causing  the  holes 
in  the  arm  to  become  increased  or  decreased 
in  area.  The  action  of  the  fingers  renders  the 
holes  self -cleansing,  since  any  choking  would 
result  in  a  rise  in  the  tank,  and  a  motion  to 
the  fingers  which  would  clear  out  the  orifices. 

The  tank  effluent  is  sometimes  distributed 
over  the  bed  from  fixed  sprays,  issued  from 
pipes  laid  over  the   surface  of  the  bed.     This 
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retained  with  a  shoulder  at  one  end,  and  with 
a  pin  or  cotter  at  the  other.  A  shackle  may  be 
pivoted  to  move  in  one  plane  only,  or  it  may 
swivel  to  turn  about  in  a  complete  circle. 
Shackles,  like  crane  hooks  are  usually  made  of 
good  wrought  iron  and  bent  to  shape,  rather 
than  being  stamped  in  steel. 

Fig.  95  shows  a  few  patterns  of  shackles. 
A  is  the  ordinary  type  with  the  pin  held  in  by 
a  cross  pin,  while  the  pin  of  b  is  secured  with 
a  cotter,  c  is  a  screw  shackle,  and  d  a  Jew's 
harp,  or  harp  shackle  riveted  to  the  eye  of  a 
mooring  ring,  or  swivel.  A  long  type  shackle 
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with  cotter  is  seen  in  e,  and  at  f  a  square  link 
mooring  shackle. 

Shade  Lines. — Thick  lines  placed  on  the 
lower  and  right-hand  sides  of  objects  drawn; 
the  idea  is  that  the  light  is  assumed  to  shine 
from  the  left  hand,  at  an  angle  of  45°,  so  throw- 
ing the  work  into  shade  at  the  portions  named. 
The  drawing  not  only  has  an  improved  appear- 
ance, due  to  the  effect  of  relief,  but  the  difference 


Fig.  96.— Flanged  Coupling. 

between  recesses,  and  projections,  or  flush  parts 
is  at  once  apparent,  by  noting  the  thick  lines. 
Very  often  the  necessity  for  a  second  view  of 
an  object  is  obviated,  the  shade  lines  rendering 
the  form  clear.  The  drawings  throughout  this 
work  have  shade  lines. 

Shading^. — Distinctive  forms  of  lines  are 
generally  used  on  working  drawings  to  indicate 
different  materials,  when  colouring  is  not  done, 


engineers  do  not  trouble  to  make  these  distinc- 
tions, however,  and  all  the  metal  on  a  drawing 
is  shown  by  ordinary  full  lines,  the  respective 
names  being  written  alongside,  or  shown  on  the 
detail  views. 

Shaft    Coiipling;s. — These    should   alwap 
be  brought  close  to  bearings,  and  on  the  side 
farthest  away  from  the  main  drive.     The  shaft 
ends  need  not  be  enlarged  to  receive  the  coup- 
lings, as  the  case  is  not  akin  to  that  of 
screwed  tie-rod  ends.     The  shafts  may  be 
left  parallel,  or  reduced  at  the  ends  to 
i*eceive  the  couplings.    A  coupling  should 
embrace    its    shafts    securely,    and    run 
truly.      It   should    be   capable   of  ready 
fitting  and  detachment,  to  permit  of  slid- 
ing pulleys  and  wheels  over  the  end  of 
the  shaft.      It  should  have   no  project- 
ing parts  which  might  catch  in  clothes, 
and   its   price   should  be  moderat-e.    In 
the   case   of   the   smaller  shafts,   the  question 
of  the  fitting,  or  absence  of  keys  would  have 
some    weight.       The    coupling    may    or  niav 
not   be  made  a  means  of  assisting  the  bolts 
to    maintain    the    concentric   relations  of  the 
shafts. 

The  forms  of  couplings  are  more  nuroemus 
than  they  were  a  few  years  since,  when  the 
flanged  ty^  predominated.     These  have  l)een 


Fig.  97. — Recessed  Coupling. 

or  when  photo  prints  are  required  from  the 
tracings.  Plain  lines  denote  cast  iron,  and  in 
general  any  metal  unless  the  following  system 
is  adopted.  Steel  is  shown  by  dotted  lines, 
wrought  iron  by  alternate  thick  and  thin  lines, 
brass  by  alternate  full  and  dotted  lines,  and 
lead  by  crossing  lines.  Stone  is  represented 
either  by  full  lines,  or  by  dotted,  as  for  steel, 
and  timber  by  an  imitation  of  the  grain.  Many 
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Fig.  98. — Coupling  used  as  Pulley. 

the  cause  of  numerous  accidents  in  conse- 
quence of  the  projecting  bolt  heads  catching 
in  the  clothes  of  oilers,  and  therefore  they 
are  deservedly  falling  into  disuse  in  favour 
of  those  recessed  or  shrouded  to  protect  the 
bolt  heads.  Solid  forged  couplings  are  seldom 
employed  in  shops,  being  costly  and  generally 
inconvenient.  The  solid  sleeve  or  muff  coupling 
is  not  of  much  value,  but  the  split  muff  is  * 
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gocjcl   type,  as  \n  alsci   the   cone   design.     We 
tUatitrate  these  types, 

Flan<f€d  Couplhigs.' — The  dangerous  form^ 
which,  nearly  universal  but  a  few  years  since, 
will  in  time  be  obsolete,  Im  seen  in  Fig.  96.     It 
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Fig,  m— Solid  Split  Muff  Coupling. 

m  biired  to  ftt  over  the  turned  ends  of  the  shafts, 
and  is  keyefl  on  them.  The  faces  generally 
abut  merely,  on  an  annuJus,  t^o  lessen  the  area 
tooled.  Sonietiiiiey  they  arn  chefked  into  one 
another,  but  iis  often  the  sliaft  ends  are  made 
to  meet  within  one  half  coupling  as  in  Fig,  96, 


driving  pulley,  Fig.  98.  In  some  designs  re- 
cesse*»  are  ar bored  to  I'eceive  the  bc»It  heads 
and  nuts,  Tlie  objection  to  this  is  increased 
weight,  and  more  expense  in  making. 

Muff  Conplingg, — ^These  are  used  in  different 
forms.  The  solid  split  raufiP,  Fig.  99,  i^  not  a 
good  design,  because  though  secure  and  safe,  it 
is  not  3o  easily  fitted  and  removed  as  other 
forms,  Figs.  100,  101,  In  each  case  also  keys 
are  fitted,  and  the.se  can  be  avoided  by  the 
adoption  of  improved  methods  of  union,  still 
retaining  the  mulF  as  distinguished  from  the 
flanged  design. 

Cone  Vice  Couplings. — The  adviinfcageH  com- 
mon to  all  these  are  the  readiness  with  which 
they  can  be  fixed  and  removed,  their  exact 
fitting  in  caaea  where  there  are  slight  difierencea 
in  the  diameters  of  shaft  endfH,  and  theh-  absolute 
safety,  while  their  cost  is  not  glycate r  than  that 
of  the  fianged  and  mufS  types,     Tlie  original  of 
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Fig,  jOO.-^Muff  Coupling. 

which  yields  the  same  result,  liesides  the  gi'ave 
objection  to  the  projecting  twits,  there  is  also 
the  fact  that  the  method  of  fitting  is  of  an 
inelastic  character.  The  fit  must  be  perfect  for 
all  couplings  to  inteixhange  on  all  shafts,  I'hey 
must  te  just  a  push  fit.  Actually  it  is  very 
ditficult  to  ensure  such  accuracy,  and  if  absent, 
then  driving  the  keys  throws  the  faces  out  of 
truth,  and  these  when  boltetl  up  pull  or  strain 
the  shafts  out  of  line.  So  that  it  has  been,  and 
is  still  a  common  practice  in  shops  where  these 
are  fitted,  after  the  couplings  have  been  keyed 
on,  to  put  the  shafts  back  in  the  lathe  and  skhn 
the  faces  over  slightly  for  the  purpose  of  correct- 
ing tlieni. 

A  much  iniproveil  form  of  tlanged  coupling  is 
the  shrouded,  in  which  the  bolt  heads  and  nuts 
are  protected  in  annular  recesses,  Fig.  97<  In 
other  respects  the  remarks  just  made  respecting 
common  fianged  couplings  hold  good.  This 
design    is   also  utilised  sometimes  as  a  small 


Fig.  101.— Muff  Coupling, 

these  is  the  Sellers  double  cone  vice  coupling, 
introduced  nearly  forty  years  ago,  and  since 
modified  in  the  liands  of  different  makers. 


Fig,  1 02, —-Gone  Couplings, 

r/wr  Sdiers  aoupii7^f.—Thk,  Fig.  102,  A,  con^ 
aists  of  three  main  parta,  an  outer  sleeve,  two 
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inner  cones,  and  the  bolts.     The  interior  of  the      drawn  up  tightly  with  bolts  which  fit  in  grooves 

outer  sleeve  is  bored  with  a  double  taper,  and      in  the  cones.     A  space  is  left  between  the  small 

ends  of  the  cones,  so 
that  they  are  not  in 
contact  when  tightened 
round  the  shafts. 

A  variation  on  this 
is  the  substitution  of  a 
single  taper,  and  a  single 
inner  cone  in  place  of 
two.  This  is  only  suit- 
able when  shaft  ends 
are  of  exactly  the  same 
diameter. 

A  modification  of  the 
Sellers'  design,  by  the 
Unbreakable  Pulley  A 
Mill  Gearing  Co.,  Ltd., 
is  shown  in  Fig.  102,  b. 
In  this  the  inner  cones 
are  split  on  one  side,  and 
made  thin  and  flexible 
in  two  others,  situated 
at  180"  apart,  and 
screwed  up  as  shown. 
Keys  are  not  required 
in  shafts  of  less  than  3 
in.  diameter. 

Fig.  102,  c,  illustrates 
a  modification  of  the 
cone  design  by  the  Kirk- 
stall  Forge  Co.  There 
are  two  cones,  split  on 
one  side,  with  the  splits 
set  out  of  line  with 
each  other  on  the  shafts, 
in  order  that  one  cone 
can  be  driven  off  with 
a  drift  passed  through 
the  split  in  the  other. 
They  are  tightened  and 
Tield  with  circular  nuts 
screwed  into  the  ends 
of  the  muff,  and  turned 
by  tommy  holes  seen  in 
the  end  \4ew.  Holes 
are  provided  round  the 
centre    of    the   muff 

the  exterior  cones  of  the  bushes  which  fit  the      through  which  the  ends  of  the  shafts  can  be 

shafts   are  turned  tapered  to  correspond,  and      observed. 
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Disconnecting  Couplings, — These,  also  termed 
clutches,  are  used  to  throw  lengths  of  main  line 
shafts  into  and  out  of  action  instantly,  or  to 
drive  sets  of  pulleys  on  shafts.  The  old  claw 
couplings  were  the  earliest  forms  used,  but  they 
are  nearly  superseded  by  improved  types,  with 
which  it  is  not  necessary  to  slow  down,  or  else 
run  risks  of  the  claws  becoming  damaged  when 
putting  them  into  action.  They  may  be 
thrown  out  at  any  speed. 

The  couplings  which  are  taking  the  place  of 
these  are  of  some  kind  of  friction  design,  many 
of  which  are  in  the  market,  some  good,  others 
unsatisfactory.  Friction  is  set  up  between  plain 
cylindrical  bodies,  or  between  cones.  It  is 
obtained  either  by  toggle  levers  pressing  split 


carried  in  slides  in  the  clutch  body  d.  They 
are  actuated  by  the  sliding  inwards  of  the 
sleeve  e,  which  alters  the  positions  of  the  toggles 
F,  and  levers  g,  as  indicated  by  the  dotted 
centre  lines.  The  tension  bolt  H  is  pulled 
down,  and  with  it  the  slipper  blocks  b  against 
the  outer  edge  of  the  rim,  and  the  roller  j 
is  thrust  upwards  by  the  cam-like  edge  formed 
on  the  lever  g,  so  pushing  up  the  slipper  block 
c  against  the  inner  edge  of  the  rim  a.  The 
movement  of  the  slider  b  is  continued  until 
the  toggle  P  just  passes  the  vertical,  in  which 
position  the  clutch  is  locked  in  gear  without 
endlong  pressure.  Drawing  the  sliding  collar 
E  backwards  releases  the  grip  instantly,  and 
the  coiled  spring  round  the  tension  bolt  n  lifts 


Fig.  104.— Toogood's  Rim  Friction  Clutch. 


rings,  or  ring  segments  outwards  against  the 
bore  of  the  outer  fixed  portion  of  the  clutch,  or 
by  coil,  or  by  spring  friction,  or  by  modifications 
of  the  same.  Cone  clutches  are  made  in  which 
metal  or  wood  blocks  form  the  f rictional  surfaces, 
and  they  may  be  of  simple  form  with  one  pair 
only  of  surfaces  in  contact,  or  they  may  be  conic- 
frustra  in  section,  giving  two  pairs  of  surfaces 
in  contact.  Disc  clutches  are  used,  on  the 
Weston  principle,  in  which  discs  of  iron  or  steel 
and  wood  alternate.  Disc  friction  is  utilised  in 
other  ways,  with  one  or  two  faces  only  in 
contact. 

Bim  Friction  Clutch. — One  of  this  type  by 
Croft  &  Perkins,  Ltd.,  is  seen  in  Fig.  103. 
The  body  carrying  the  rim  a  is  keyed  on  the 
driving  shaft.  The  slippers  b,  c,  which  grip 
the  outer  and  inner  surfaces  of  the  rim,  are 


B  oflf  A,  while  the  release  of  the  roller  J  allows 
c  to  drop. 

Toogood's  Double  Coil  Clutch, — This,  which 
is  made  by  Robert  Dempster  <fe  Sons,  Ltd., 
is  illustrated  by  the  drawings  (Figs.  104,  105), 
and  is  of  novel  design.  It  is  shown  fitted  to 
bevel  gears,  but  it  is  equally  suitable  for  belt 
pulleys,  and  it  may  drive  a  pulley,  or  its  shaft 
be  driven  from  a  pulley. 

In  these  figures,  A  is  the  casing  to  which  a 
bevel  wheel  or  a  belt  pulley  is  attached.  It 
comprises  an  outer  and  an  inner  body,  tapered. 
B  is  the  sleeve  which  is  keyed  to  the  shaft,  c 
is  the  double  coil,  i>  the  slider  to  which  a  wedge 
piece  E  is  screwed.  (Compare  with  the  separated 
details  given  in  Fig.  105.)  The  sleeve  b  and 
double  coil  c  are  united,  allowing  freedom  of 
movement  of  c  by  three  screws  f,  one  being 
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shown  in  section  in  the  lower  part  of  Fig.  105. 
The  screws  are  adjustable  to  take  up  wear  be- 
tween the  double  coil  c  and  its  casing  A. 

Looking  at  the  double  coil  c  shown  in  face 


fl. 
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Fig.  lai.— Details  of  Toogootl's  Clutch. 

\aew  to  the  right  of  the  drawing,  Fig.  104, 
certain  projections  will  be  noted,  a,  6,  c,  c?.  Of 
these  a,  c  ai-e  on  the  coil,  and  h  is  on  the  sleeve 
B.     Suppose  the  casing  a  is  being  rotated  in 


forced  against  the  casing,  and  the  frictional 
grip  thus  obtained  thrust  upon  the  junction  of 
the  two  coil  portions,  with  the  result  that  the 
total  final  grip  of  the  whole  coil  c  will  cause 
the  lug  d  to  press  against 
the  projecting  lug  on  h  of  the 
sleeve  b  and  carry  the  shaft 
round. 

If  the  rotation  were  in  the 
opposite  direction,  then  the 
motion  would  be  communi- 
cated from  the  lug  a  to  the 
projection  h. 

There  is  a  certain  amount 
of  freedom  of  movement  be- 
tween the  lugs  c  and  6,  and 
h   and   (f,    and   the    adjacent 
shoulder  of   the  double  coil, 
and  this  slip  lessens  shock  in 
starting. 
The  Champion  Clutch, — This  is  a  cone  design 
manufactured  by  Messrs  Durham,  Churchill,  t 
Co.     In  Fig.  106,  a  is  a  sleeve  keyed  to  the 
shaft  and  having  a  flanoje  a  at  one  end.    At 


Fig.  1()6.  —  ** Champion"  Clutch. 


the  opposite  direction  to  the  motion  of  a  clock, 
and  the  slide  d  l)eing  moved  along  carrying 
the  wedge  piece  e  with  it,  then  the  result  will 
be  that  the  outer  portion  of  the  coil  c  will  be 
102 


the  other  end  an  annular  groove  h  receives  the 
striking  ring  b.  On  the  ring  a  bracket  receives 
the  pin  c  which  forms  a  fulcrum  for  the  operat- 
ing lever  c.     d  is  an  anchoring  arm  the  use  of 
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which  is  to  retain  the  lever  in  any  desired 
position.  On  the  flange  a  two  bosses  are  cast 
on  opposite  sides  of  the  diameter  to  carry 
driving  pins  rf,  which  enter  corresponding  bosses 
on  the  inner  cone  e,  and  serve  as  carriers  to  E. 
There  are  two  other  bosses  e  on  the  flange  a  at 
right  angles  with  rf,  to  which  are  pivoted  links 
F,  which  pass  out  through  slots  in  the  face  of 
the  cone  E,  and  are  pivoted  to  other  links  g  by 
pins  which  carry  rollers  f.  At  the  other  end 
the  links  g  are  pivoted  to  the  muff  h,  which  is 
slid  along  by  the  operating  lever  c  through  the 
strap  J  and  link  K. 

At  certain  positions  on  the  inner  face  of  the 
cone  E,  spring  pegs  g  are  fitted,  encircled  with 
springs  L.  These  are  under  compi-ession.  When 
driving,  their  thrust  forces  the  inner  cone  B 
along  the  sleeve  a  until  the  conical  driving  face 
of  E  is  brought  into  contact  with  the  corres- 
ponding face  of  the  outer  cone  m,  which  cone  is 
bolted  to  the  flange  of  the  boss  n  on  which  the 
pulley  to  be  driven  is  mounted. 

In  the  figure  the  clutch  is  shown  driving  in  the 
manner  already  described.     To  throw  it  out  of 
action,  the  lever  c  is  moved  to  the  right, 
links  K  and  straps  J  then  push  the  muff  n  along 
the  sleeve  in  the  direction  of  the  cones,  so  im- 
parting to  the  links  v,  a  vertical  position.     The 
links  F  being  pivoted  thereto  and  to  the  flange 
rt,  the  effect  is  to  give  a  radial  movement  to  the 
centres  of   the   rollers  /,  which   presses   them 
against  sliding  faces  provided  for  them  on  the 
faces   of  the   cone  e  bounding  the  slot  holes 
through  which  p  p  pass.     The  result  is  that  the 
inner  cone  e  is  thrust  away  from  contact  with 
M,  and  the  rotation  of  M  ceases.     As  soon  as  the 
links  G  pass  the  vertical  positions,  the 
thrust  of    the   springs  l  locks  them, 
and  the  clutch  remains  out  of  gear. 
There   is   thus  no  endlong   thrust  in 
any   portion    of    the    operating   gear. 
If  the  clutch  is  used  for  shaft  coup- 
ling, the  sleeve  a  is  keyed  to  one  shaft 
and  N  to  the  other. 

Disc  Clutch. — One  by  Messrs  Croft 
«fe  Perkins,  Ltd.,  is  illustrated,  Fig. 
107.  It  consists  of  two  main  portions, 
the  friction  disc  a,  which  is  made  an 
part  of  the  pulley  boss,  running  loosely  on  the 
shaft,  and  the  clutch   body  b,  which   is  keyed 


to  the  shaft  The  collar  c  being  slid  in  the 
direction  of  the  arrow  operates  the  toggle  d, 
and  lever  b,  thrusting  the  movable  pressure 
plate  F  against  one  face  of  the  disc  a,  gripping 
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it  thus  against  the  fixed  pressure  plate  Q  which 
is  connected  to  the  clutch  body  b.  The  pres- 
sure of  the  lever  e  is  transmitted  through  the 
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screws,  by  which  also  adjustment  is  effected  for 
wear.  In  the  position  shown  with  the  toggle 
D  just  over  the  centre,  the  clutch  is  locked 
without   end    pressure   existing.      When    the 


which  has  been  patented  and  manufactured  iirst 
on  the  Continent,  is  now  made  in  England  by 
the  Unbreakable  Pulley  <fe  Mill  Gearing  Co., 
Ltd.     It  is  of  the  face  design,  and  produces  no 
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Fig.  108. — Disc  Clutch  adapted  to  Reversing  Countershaft. 


collar  c  is  slid  backwards  the  grip  is  instantly 
removed.  The  sliding  collar  may  be  double, 
and  two  clutches  be  operated  alternately  by 
one  lever.  Fig.  108,  as  in  the  case  of  reversing, 
or  two-speed  countershaft  drives.  The  clutch 
may  be  adapted  for  exceptionally  high  speeds 


Fig.  K»9. — Disc  Clutch  adapted  to  High  Speeds. 

by  a  re-arrangement  of  the  clutch  levers,  by 
which  the  action  of  centrifugal  force  is  no 
longer  opposed  to  the  action  of  the  clutch 
either  when  in  or  out  of  gear.  Fig.  109. 

The  Benn  Friction  Clutch.— This,  Fig.   110, 
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end  thrust  on  the  shaft  bearings  or  striking 
gear.  The  working  parts  are  wholly  enclosed  in 
a  box  which  is  occupied  by  lubricant,  and  there 
is  no  centrifugal  effort  such  as  would  be  caused 
by  variations  in  the  radial  positions  of  the 
revolving  masses,  the  movements  being  endlong. 
Tlie  clutch  is  illustrated  by  the  draw- 
ings, while  the  successive  action  of  the 
mechanism  is  shown  by  the  diagrams, 
Figs.  Ill  to  113,  in  which  the  levers 
are  exaggerated. 

The  clutch  comprises  a  drum-like 
body.  A,  into  the  mouth  of  which  a 
plate,  H,  is  screwed  with  a  square 
thread,  a  is  keyed  on  its  shaft,  and  is 
actuated  from  the  driving  boss  c  which 
is  keyed  on  the  other  shaft,  c  is  pro- 
vided with  arms,  seen  in  Fig.  11^» 
which  carry  the  friction  rings  D>  ^ 
round,  through  the  medium  of  pins 
passing  through  the  arms.  The  rings* 
however,  are  free  to  slide  longitudin- 
ally on  the  pins  parallel  with  the  shaft. 
They  are  forced  outwards  by  means  of  toggle 
levers  e,  e,  which  are  actuated  by  the  sliding 
of  the  striking  collar  F  along  the  shaft,  moving 
the  levers  g,  (;,  and  links  ii,  ii.  Springs  J,  J 
are  fitted  at  the  long  ends  of  the  levers  G,  G  to 
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afford  the  necessary  pressure  to  the  toggles  and      lever,  and  the  friction  is  equally  divided  between 
friction  rings  when  the  clutch  is  in  gear.  the  surfaces  in  contact.      Also,   that  as  the 


[r'-^mrX 


Fig.  110.— Benn  Friction  Clutch. 


^^TiE^n 


Fig.  111. 


Fig.  112. 
Henn  Friction  Clutch. 


The  action  is  shown  exaggerated  in  the  en- 
larged diagrams,  Figs.  Ill  to  113.  In  Fig.  Ill 
the  clutch  is  out  of  gear.  When 
the  body  p  of  the  striking  gear  is 
slid  along  the  shaft  into  the  position 
shown  in  Fig.  112,  the  toggles  e,  e 
are  forced  into  their  most  effective 
position,  that  is,  nearly  straight, 
and  frictional  contact  takes  place 
between  the  rings  i),  d  and  the 
interior  faces  of  the  drum,  and  the 
shaft  is  started,  f  may  be  advanced 
farther,  with  the  result  that  the 
further  movement  of  the  springs 
H,  H  will  cause  a  further  extension 
of  the  springs  j,  j.  When  h,  h 
pass  the  centres  the  stroke  is  com- 
pleted and  the  springs,  Fig.  113, 
lock  the  toggles  in  their  in-gear 
position,  and  provide  a  constant 
force  which  maintains  the  frictional 
surfaces    in    contact    so    that    the 


position  of  the  toggles  is  not  affected  by  the 
tension  of  the  springs,  the  tension  of  the  latter 


Fig.  114.— Benn  Clutch  applie<l  to  Pulley  Drive. 


m    contact    so 
clutch  is  self-locking  without  end  thrust.     It  is 
obvious,  too,  that  equal  force  is  exerted  on  each 


can    be   adjusted   to  suit  any  load   up  to  tlie 
capacity   of    the    clutch.      As    a    consequence 
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the  clutch  can  be  adjusted  to  slip  at  any 
overload. 

The  object  of  screwing  in  the  covering  plate 
B  is  to  provide  adjustment  for  wear.  Gauge 
points  on  the  springs  j,  j  indicate  by  their 
position  when  the  surfaces  within  the  shell  are 
wearing.  When  take-up  is  necessary,  the  plate 
B  is  screwed  in,  and  numbered  notches.  Fig.  110, 
show  when  the  clutch  is  restored  to  its  original 
condition. 

Lubrication  is  provided  for  by  utilising  the 
shell  as  an  oil  bath.     When  a  clutch  is  running 


throw,  and  angle  of  advance,  and  thence  the 
cut-oflF  of  the  valve.  Its  advantage  over  other 
governors  lies  in  its  perfection  of  speed  regula- 
tion over  wide  variations  in  loads.  Made  in 
various  designs,  and  to  suit  different  kinds  of 
engines  the  principle  is  alike  in  all,  that  of  the 
action  of  centrifugal  force  acting  on  pivoted 
weights  the  outward  movement  of  which  is 
controlled  by  springs  of  definite  tension.  The 
genei*al  design  is  as  follows  : — 

Two  plates  forming  the  body  of  the  governor 
are  connected  at  a  definite  distance  apart  by 


Fig.  llo. — Turner- Hartnell  Governor. 


it  does  not  require  oil,  because  all  parts  are 
moving  together.  But  when  starting  and 
stopping  are  being  done,  the  oil  descends  and 
lubricates  everything. 

Fig.  114  shows  the  clutch  applied  to  a  shaft 
when  the  clutch  has  to  drive,  or  be  driven  by  a 
pulley.  The  latter  is  then  provided  with  a 
flange  which  is  bolted  to  the  back  of  the  shell 
of  the  clutch. 

Shaft  Governor. — An  engine  governor  put 
on  the  crankshaft,  to  control  the  steam  supply 
directly  from  the  eccentric,  by  altering  its 
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pins,  and  Iceyed  on  the  crankshaft.  There  is 
thus  no  risk  of  lost  motion  due  to  the  slip  of  a 
belt,  or  accident  due  to  fracture  of  gears  or  a 
chain,  but  the  governor  partakes  of  the  motion 
of  the  crankshaft.  Two  pivoted  weights  en- 
closed by  the  inner  faces  of  the  plates  are  free 
to  move  outwards  or  inwards  respectively  from 
their  normal  position,  with  diminution  or 
increase  of  load  respectively.  The  outward 
motion  is  resisted  by  the  compression  of  spiral 
springs,  the  strength  of  which  is  obtained  from 
a   formula    into   which    several    factors   enter. 
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The  weights  are  formetl  with  turned  btissea 
which  pass  through  lioles  Ixinxl  in  the  plates,  in 
which  tliey  are  free  to  turn*  One  of  these 
lK»s.sej§  is  connected  to  the  eccentric  directly 
through  a  plat^,  pins  forming  the  connection. 
The  elfect  is  that  when  the  weights  are  thrown 
outwards,  the  pin«  move  the  centre  of  the 
eccentric  in  a  direction  which  i^educes  the  throw 
And  cuts  off  earher-  When  they  fall  inwards^ 
the  opposite  result  follows*  Nut«  are  provided 
for  eftectin^  sH^^ht  adjust meuta  in  the  tension 
.€*£  the  springs.     As  a  single  eccentric  only  *m 


piston  valve  weighed  l>etw*een  three  and  fuur 
cwt*  and  adjusted  the  springs  until  the  speed 
was  sa  uniform  that  no  difference  whatever 
could  he  detected  hetween  no  lija*!,  and  the  full 
load  of  500,000  watts*  the  engine  making 
uniformly  at  these  exti^mes  152  revolutions  per 
minute.  In  the  eiise  of  aji  engine  for  waiving, 
a  shaft  governor  wHll  maintain  the  same  speed 
when  cutting  and  nt>t  cutting*  The  reasons  for 
the  dtff'ei'eiices  which  exist  Ijetween  thrt>ttle  and 
expansion  gfjveniing  generally  are  numerous, 
and  were  fully  discussed  in  conrjection  with  a 


T u I  r jer- Ha rtnell  Go vant w. 


,  reversal  has  tt>  l>e  effected  hy  the  insertion 
.uf  l^s  in  one  or  other  of  two  .=%ets  of  pinholes 
through  the  weight  boss^  and  the  adjacent 
eccentric  plate. 

The  superior  value  of  the  Bhaft  governor  is 
undoubted.  In  the  ordinary  kind,  which  acts 
by  throttling  or  wire  drawing,  the  steam  pre.ssui*e 
is  reduce^i  so  that  tixe  full  advantage  <jf  expan- 
sion is]  not  obtitined.  in  the  shaft  governor 
the  steAm  is  achnitted  at  full  pressure,  and 
being  shut  off,  works  by  expansion, 

Some  remarkable  records  might  be  given  of 
the  performances  of  the  shaft  governor.  Mr 
RAworth  once  Kt4ited  that  he  had  put  one  on  an 
BOO   HP.   engine,  of  which    the   high-pressui'o 


paper  by  Capt,  8ankey%  see  Proc.  vf  Inst,  of 
Me4^hfinica/  I^mfiti^erif,  April  1895. 

Figs,  115  to  117  illustrate  the  various  Turner- 
Hartnell  governors  made  by  E.  R,  li^  F.  Turner, 
Lt<^h,  for  small  and'  large  engines,  Messrs 
Turner  prefer  governors  with  springs  in  tension 
rather  than  in  compi^ession,  as  tliey  have  found 
tfiat  springs  in  compression  wouM  buckle  above 
a  certain  Hpewi.  But  those  in  cr»mpression  are 
the  more  sensitive.  Both  these  designs  are 
illustrated. 

Fig,  115  is  the  disc  pattern  with  springs  in 
compre^ion,  for  engines  with  speeds  up  to  iJOO 
i-evolutions  pei'  minute.  The  piirts  ai-e  as 
follows ; — The   hole   in    the  centi^al   Ixjss   A   is 
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bored  to  suit  the  engine  crankshaft,  and  may 
be  varied  up  to  a  maximum  limit  for  a  given 
size  of  disc,  b,  b  are  the  discs  encircling  the  boss, 
and  secured  with  distance  pins  and  ferrules  a. 
Between  these  discs  the  weights  c,  c  pivot  on 
their  bosses,  which  pass  through  the  discs,  and 
form  integral  parts  of  the  weights.  These  are 
lubricated  occasionally  to  ensure  their  absolute 
freedom  of  movement  under  the  action  of 
centrifugal  force.     The  weights  are  notched  at 


means  of  the  pins  ef,  which  go  through  holes  in 
the  bosses.  In  moving  through  an  arc,  the 
minimum  ai^d  maximum  positions  of  which  are 
indicated  by  dotted  circles,  they  compel  the 
eccentric  G  to  alter  its  throw,  and  with  it  the 
travel  of  the  slide-valve,  and  stage  of  cut-off 
of  steam. 

The  pins  d  are  shown  located  in  one  position, 
that  for  forward  running.  To  change  for  back- 
ward, the  pins  are  taken  out  of  their  holes,  and 


Fig.  117. — Turner- Hartnell  Governor. 


c,  c,  so  that  their  free  movement  shall  not  be 
interfered  with  by  the  pins  a.  Indiarubber 
tubing  is  put  over  the  stretcher  bolts  a,  which 
acts  as  a  buffer.  In  flying  out,  the  weights 
compress,  and  are  resisted  by  the  springs  D, 
through  which  the  adjusting  bolts  e,  e  pass, 
being  anchored  in  wings  which  form  part  of  the 
central  boss  a. 

As  the  weights  change  their  radial  positions 
the  bosses  h  evidently  partake  of  these  move- 
ments, and  turn  in  their  holes  in  the  discs. 
These  turning  movements  are  conmuinicated  to 
the  plate  f,  on  which  the  eccentric  ci  is  cast,  by 
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reinserted  in  the  holes  e,  e  in  the  plate  f,  and  /,  f 
in  the  bosses  6.  The  oblong  hole  in  the  centre 
of  the  plate  permits  of  the  necessary  move- 
ment. 

This  type  of  governor  is  made  in  dimensions- 
which  range  from  1  ft.  \\  in.  to  2  ft.  7  in. 
diameter  for  main  slides,  and  up  to  4  ft. 
diameter  for  expansion  slides. 

Another  Turner-Hart nell  disc  pattern  is 
shown  in  Fig.  116,  for  small  engines  with  speeds 
of  from  100  to  600  revolutions  per  minute.  As 
illustrated,  it  is  of  the  design  used  for  main 
slides,  non-reversible.     It  is  made  reversible  for 


Sha 


PRACTICAL    ENGINEERING^ 


Sha 


expansion  valves.  As  in  the  previous  example 
A  is  the  centre  boss,  bored  to  fit  the  crank- 
jihaft,  B,  B  are  the  discs,  maintained  apart  by 
the  pins  a,  c,  c  the  weights  pivoted  on  the 
bosses  6,  6  and  having  recesses  c,  c  to  clear  the 
pins  a.  As  the  design  is  non- reversible,  the 
plate  F,  which  carries  the  eccentric  g,  is  fitted 
to  the  weight  bosses  5,  5  by  a  stud,  fitted 
eccentrically,  and  this  is  held  with  a  pin  d. 
As  therefore  the  weight  bosses  turn  in  their 
holes  under  the  action  of  the  weights,  the  stud 
and  pin  attachments  move  in  an  eccentric  circle 
indicated  by  the  dotted  lines  in  the  view  to  the 
right,  and  so  alter  the  throw  of  the  eccentric  g. 
The  springs  are  anchored  at  c,  ^,  and  an  eye  bolt 
passes  through  each  weight  to  connect  to  the 
springs  at/,/,  so  pulling  them.  The  nuts  at  e,  t 
permit  of  effecting  a  slight  adjustment  for 
tension.  This  pattern  is  made  from  17  in.  to 
33  in.  diameter  for  main  slides,  and  modified 
for  expansion  slides. 

Fig.  117  illustrates  the  open  design  used  for 
large  engines  with  high  pressures,  and  speeds 
up  to  200  revolutions  per  minute.  The  open 
pattern  is  es.sential  because  the  diameters  made 


range  from  42  in.  to  60  in.  The  springs  D,  D 
are  in  tension.  The  bodies  B  are  cast  in  halves 
when  necessary,  and  united  with  bolts  through 
lugs  a,  a.  For  main  valves  they  are  not  rever- 
sible. This  is  the  design  shown  in  the  drawing. 
They  are  reversible  for  expansion  valves. 

Essentially  the  design  of  Fig.  117  resembles 
that  last  described,  subject  to  the  modifying 
presence  of  the  arms.  The  eccentric  plate  f 
receives  studs  carried  on  the  weight  bosses  6,  6. 
The  plate  is  lightened.  The  weights  c,  c^are 
of  different  shape,  being  massed  at  the  ends  of 
short  arms  coming  from  the  bosses.  Buffers  are 
fitted  to  the  inner  and  outer  faces  of  the  weights. 
The  spring  attachments  and  other  details  are 
obvious  from  the  illustrations. 

The  table  appended  gives  a  lecord  of  trials 
made  by  Messrs  Turner,  in  which  the  perfor- 
mances of  a  shaft  governor,  and  ball  governor 
are  compared  under  precisely  similar  conditions, 
using  the  same  single  slide-valve  in  each  trial. 

A  shaft  governor  by  Hansomes,  Sims,  tk 
Jefferies,  Ltd.,  is  shown  by  Fig.  118.  In  this  a 
circular  casting  a,  comprising  a  main  body,  and 
cover  plates,  bolted  together  at  a  a,  is  keyed  on 


Cylinder,  10  in.  by  12  in.,  Portable  Trials. 


Date  of  trial 
Duration  of  trial  - 
Revolutions  per  minute 
Boiler  pressure     - 
Water  evaporated  during  trial 
Temperature  of  feed  water   - 
Coal  consumed  during  trial  - 
Water  evaporated  per  lb.  of  coal 
Mean  LHP. 

Steam  per  LHP.  hour  lb. 
Coal  per  LHP.  hour  lb. 
B.HP.  .        -        -         - 

Steam  per  B.HP.  per  hour   - 
Coal  per  B.HP.  per  hour 


A. 

B. 

c.       ! 

D. 

Shaft  G( 

)VERNOR. 

Ball  Governor, 

Heavy  Load. 

Medium  Load. 
Mar.  9,  '06 

Heavy  Load. 
Mar.  22,  '06 

Medium  Load. 
Mar.  23,  '06 

'   Mar.  5,  '06 

6  hours 

6  hours 

6  hours 

6  hours 

131 

132 

126 

133 

100 

100 

100 

100 

4,750  lb. 

3,900  lb. 

5,682  lb. 

4,524  lb 

93**  Fahr. 

lir  Fahr. 

98''  Fahr. 

116**  Fahr. 

756  lb. 

560  lb. 

920  lb. 

694  1b 

6-28 

6-96 

6-17 

6-51 

29-63 

2204 

29-1 

21-37 

26-4 

29-4 

32-53 

,        35-32 

4-2 

4-2 

5-26 

!         5-42 

26-55 

19-79 

^    .  27  09 

19-98 

29-8 

32-8 

34-95 

1        37-72 

4-7 

4-7 

1         5-66 

5-79 

Diagrams  taken  every  1^  hours.  Kind  of  coal  used,  Bolsover,  Derbyshire. 
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the  crankshaft,  Tho  wei*(}it«*  R,  R  are  pivoted  at 
i, 6.  In  their  imtwanl  iii<nenieiitK  they  eorn- 
pr©S8  the  spniigs  c,  c^  l>ein^  anchored  at  e,  e  to 
the  spring  rodH  D,  d  which  jjass  thi-ough  the 
ut>ntre  of  the  enil«.  Tlie  eye  ^^tuds  ^',  ^  are 
tappefi  into  ^he  weigiit^  i\n  shown. 

The  plated  centre  of  the  toasting  is  perforated 
with  two  oblong  Hlot  holes^  c,  c,  Thi^ugh  these^ 
pin  bosftea  c^^  4  on  the  weights  n,  tr  pitgeet  and 
receive  links  E^  K.  The^e  hiquirt  a  partial  nnjvt*- 
nient  of  rotiitiou  to  the  disc  F  through  tlie  links 
Kt  B,  witli  w^hieh  di*ic  the  eccentrie  r;  is  east. 


very  pronoiiDeed.  Tn  Long  ^haft^i  heanlr  li^f^ 
the  bending  is  the  nn^i'e  stprious  evil  wliich  bs* 
to  be  guarded  against,  since  a  sliaf t  nmy  b*  4tf 
enough  t<j  resist  torsional  ftt  ress  y^t  8uif<*r  h^m 
bending  ^tresse^.  The  tJ^trsioiml  sttr* 
proportion  to  the  p*:iwer  tratisinitt^Hi.  1 
with  increase  of  velocity »  The  bending 
increases  with  the  weight  of  the  nlmft 
pulleys,  and  the  pull  nf  the  bt?lt«.  Tordojiil 
stiffness  Is  not  the  same  a^  toi>iif>nal  ^tn^tiijttL 
The  latter  i.^  independent  of  length,  the  fti 
is  not.     He  ne'e  on  this  neetiunt,  wt\d  birii 


jm 


L 


if'* 


:■.=?' 


Fi||.  118.    Uovyrnov  by  HrtnMjmo»,  Hiiii^»  &  Jetlerit^,  Lhl. 


The  diisc  i^*  confined  wittiin  a  [utir  of  atrtipH  ii, 
i»ne  of  wliich  is  cast  on  the  uuter  face  of  the 
nwiin  casting*  The  linkn  therefore  %^ary  the 
throw  of  the  etx^entrie,  and  periml  of  eut-olf. 

Shafting  —  Shafts.  —  spindles  of  large 
dimensions  uschI  for  the  driviui^  nf  maehinei^^ 
in  the  form  i*f  main,  or  countei'shafl^,  and 
ainboiljetl  in  the  mHchine$i  themselves.  The 
tenn  sqnndte  is  usujdly  applied  to  snrall  »hiiftii, 
the  leimM  however  Inking  ivlative.  In  both 
alike  the  j*tivs.srs  arc  etinihin<Hl  of  tw^istiug  and 
iK^ntling,  though  in   short  lengthw   neither  art* 

no 


Ijonding  iitiesHes,  the   quci^nijii   \ii   di»tl 
tween  the  i=upporting   bearings  enterw^ 
estiinationij  of  the  eajmcitiesi  of  shafts  lu  i 
torsional  vibration  and  Ijending,    Fram  lliel 
of  form u In?  given   by  diffennit  aulhoritM 
following  are  diivetly  cojisunjinf  with 

The   strength   of  shaftiti;;;   to   reMii 
varies  a>^  the  cube  of  the  ili/imeter*     So 
^liaft  3  in.  in  diameter  \%  m^t^  tluui  tfamr  j 
as  powoii'ul  as  one  i>f  3  in.  diameter* 
torsional  stiilness  i^  pro^^irtiotiate  to  lh»  i 
ijf  the  area. 
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Tlie    strength    of    shafts    to    resist    torsion 
equals — 

T  =  ~/c^  =  0-196/(^. 
lb 

Where  T  =  the  twisting  moment  in  inch  pounds. 
f  =  the  stress  per  square  inch  to  which 

the  shaft  is  subjected. 
d  —  diameter  of  shaft  in  inches. 
TT-- 314159. 
The  strength  to  resist  bending  equals — 

M=Jya»=oo98ya3. 

Where  M  =  bending  moment  in  inch  pounds. 

The  strength  of  a  shaft  subjected  to  a  com- 
bined twisting  and  bending  moment  is  equal 


<m  =  M+  n/(M-*  +  T^). 
Where  tm  is  the  equivalent  twisting  moment 
which    combines    the    twisting    and    bending 
moments  T  and  M. 

The  hoi-se  power  of  shafts  is  equal  to — 


'-7¥-- 


\\1iei-e  HP.  =  hoi-se  power  transmitted. 

N  =  number  of  revolutions  per  minute. 

K  =  a    constant,    which    varies    with 

conditions. 

The  values  of  ./and  K,  according  to  Professor 

Unwin,  for  ordinary  shafts  working  with  little 

change   of   stress,    and    without    reversal,    are. 

y=,  for   steel,  13,500,  and    for   wrought   iron, 

9,000;  K  =  ,  for  steel,  2-876,  for  wrought  iron, 

3-292. 

Engine  shafting  is  stressed  more  severely 
than  shop  shafting,  due  to  the  variable  character 
of  the  twisting  moment,  caused  by  variations 
in  steam  pressure,  and  of  the  crank  leverage. 
The  ratio  of  the  maximum  and  minimum  values 
of  this  moment  determine  the  stresses.  The 
ratio  is  greater  with  single  cylinder  engines 
with  a  large  expansion,  than  in  those  with 
more   cylinders   and    cranks.     Mr   Milton  has 


given  values  for 


3/T 

VT 


maxmium 


to  be  used  as 


minimum 

multipliers  for  the  results  obtained  by  the 
formulae  for  twisting  moment  and  horse  power 
just  given.  For  a  single  engine  the  multiplier 
given  is  1*28.  For  a  compound  engine  with 
cranks  at  right  angles,  it  is  1*14. 


Hollow  shafts  have  been  used  in  marine  work 
since  the  introduction  of  fluid  compressed 
steel.  As  there  is  no  torsional  stress  at  the 
centre  of  a  shaft,  the  central  portion  can  be 
removed,  with  much  diminution  of  weight.  A 
shaft  is  made  much  stronger  for  a  given  weight 
of  material  when  it  is  disposed  in  the  hollow 
than  in  the  solid  form.  If  c?=the  diameter  of 
a  solid  shaft;  c?j  =  the  external  diameter,  and 
c?2  the  internal  diameter  of  a  hollow  shaft,  then 
it  is  demonstrable  that  the  shafts  will  be  of 
equal  strength  when 

rf.  ■ 

Thus  the  moment  of  resistance  of  a  solid 
shaft  of  diameter  d^  is — 

16    *' 

If  a  central  portion,  =  diameter  d.y^  is  removed 
from  the  centre,  the  moment  of  resistance  of  the 
remaining  part  will  be  lessened  by  that  of  the 
portion  of  diameter  c?^  reckoned  as  such  before 
its  removal,  when  it  forms,  not  an  independent 
shaft,  but  a  portion  of  the  interior. 

If  the  stress  at  the  outer  diameter  is/,  then 

that  at  the  inner  is/ -J^.     Hence  the  moment  of 
resistance  of  the  inner  diameter  is  \^i  I  'jy 

or — 

314159(f.,^  . 
16(f,    '  ^' 

Tlierefore  the  moment  of  resistance  of  the 
hollow  shaft  equals — 

iV^'-^'-Tg5/'^"^^'^ 


3-14ir)9/rfi"»-_rf.,n    . 
16      V      d^   "A 


The  relation  between  the  weights  of  a  hollow 
and  a  solid  siiaft  is — 


d^'-d? 


Where  w  =  weight  of  hollow  shaft, 
u'j  =  weight  of  solid  shaft. 
d^  =  outside  diameter  of  hollow  shaft. 
d.,  =  inner  diameter  of  hollow  shaft. 

Liiie    Shafting, — The    calculations    for   this 
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Tablk  of  Horse  Power  that  Good  Steel  Shafting  will  Transmit. 


"3 

II 

Rbvoldtions 

PER  Minute. 

10 

20 

•4 

30 

•6 

40 

50 

10 

60 

1-1 

70 

80 

90 

1-7 

100 

no 

120 

2-3 

130 

140 

•2 

•8 

1-3 

1-5 

1-9 

21 

2-5 

I 

2-7 

i  1 

■■•¥ 

•3 

•5 

••8 

11 

1-4 

1-6 

19 

2-2 

2-4 

2-7 

3-0 

3-3 

3-5 

3-8 

li 

•4 

•7 

11 

1-5 

1-9 

2-2 

2-6 

30 

3-4 

3-7 

41 

4-5 

4-9 

5-2 

•5 

10 

1-5 

2-0 

2-5 

30 

3-5 

4-0 

4-5 

5-0 

5-5 

6-0 

6-5 

7-0 

li 

•6 

1-3 

1-9 

2-6 

3-2 

3-9 

4-5 

5-2 

5-8 

6-5 

71 

7-7 

8-4 

90 

ll 

•8 

1-6 

2-5 

3-3 

41 

4-9 

5-7 

6-6 

7-4 

8-2 

9-0 

9-8 

10-7 

11-5 

Ij 

10 

20 

31 

4-1 

51 

61 

7-2 

8-2 

9-2 

10-2 

11-3 

12-3 

13-3 

14-3 

1  7 

1-3 

2-5 

3-8 

5-0 

6-3 

7-6 

8-8 

101 

11-3 

12-6 

13-9 

15-1 

16-4 

17-6 

2 

1-5 

3-1 

4-6 

61 

7-6 

9-2 

10-7 

12-2 

13-8 

15-3 

16-8 

18-3 

19-9 

21-4 

2i 

2-2 

4-4 

6-5 

8-7 

10-9 

131 

15-2 

17-4 

19-6 

21-8 

240 

26-1 

28-3 

30-5 

2\, 

30 

60 

90 

11-9 

14-9 

17-9 

20-9 

23-9 

26-9 

29-9 

32-9 

35-8 

38-8 

41-8 

2j 

4-0 

7-9 

11-9 

15-9 

19-9 

23-9 

27-8 

31-8 

35-8 

39-8 

43-7 

47-7 

51-7 

55-7 

3 

5-2 

10-3 

15-5 

20-6 

25-8 

310 

361 

41-3 

46-4 

51-6 

56-8 

61-9 

671 

72-3 

3i 

6-6 

131 

19-7 

26-2 

32-8 

39-4 

45-9 

52-5 

59-1 

65-6 

72-2 

78-7 

85-3 

91-9 

Si 

8-2 

16-4 

24-6 

32-8 

410 

49-2 

57-4 

65-6 

73-8 

81-9 

90-2 

98-3 

107 

115 

3| 

101 

20-2 

30-2 

40-3 

50-4 

60-5 

70-6 

80-7 

90-7 

101 

111 

121 

131 

141 

4 

"S 

\i 

5 

1 

12-2 

25-4 

36-7 

48-9 

61-2 

73-4 

85-6 

97-9 

110 

122 

135 

147 

159 

171 

Rkvolctions 

PER  AJ 

INUTB. 

160 

160 

170 

180 

3-4 

190 

3-6 

200 

3-8 

226 

250 

4-8 

275 

5-3 

300 

360 

400 

7-6 

460 

8-6 

600 

2-9 

"7r 

3-2 

4-3 

5-7 

6-7 

9-6  J 

1^ 

41 

4-4 

4-6 

4-9 

5-2 

5-4 

6-1 

6-8 

7-5 

8-2 

9-5  1  10-9 

12-2 

13-6  ! 

li 

5-6 

6-0 

6-3 

6-7 

7-1 

7-5 

8-4 

9-3 

10-3 

11-2 

131  14-9 

16-8 

18-7  1 

It 

7-5 

7-9 

8-4 

8-9 

9-4 

9-9 

11-2 

124 

13-7 

14-9 

17-4  1  19-9 

22-4 

'  24-8  : 

IJ 

9-7 

10-3 

110 

11-6 

12-3 

12-9 

14-5 

16-1 

17-7 

19-4 

22-6  25-8 

29  0 

32-3 

1| 

12-3 

131 

13-9 

14-8 

15-6 

16-4 

18-5 

20-5 

22-6 

24-6 

28-7 

32-8 

36-9 

410 

13 

15-4 

16-4 

17-4 

18-4 

19-5 

20-5 

23-0 

25-6 

28-2 

30-7 

35-9 

410 

461 

51-2 

ll 

18-9 

20-2 

21-4 

22-7 

23-9 

25-2 

28-3 

31-5 

34-7 

37-8 

44-1 

50-4 

56-7. 

630  ' 

2 

22-9 

24-5 

26-0 

27-5 

291 

30-6 

34-4 

38-2 

42  0 

45-9 

53-5 

61-2 

68-8 

76-5 

2i 

32-7 

34-8 

37  0 

39-2 

41-4 

43-5 

490 

54-4 

59-9 

65-3 

76-2 

87-1 

980 

109 

2i 

44-8 

47-8 

50-8 

53-8 

56-7 

59-7 

67-2 

74-6 

82-1 

89-6 

105 

119 

134 

149 

21 

59-6 

63-6 

67-6 

71-5 

75-5 

79-5 

89-4 

99-4 

109 

119 

139 

159 

179 

199 

3 

774 

82-6 

87-7 

92-9 

98-1 

103 

116 

129 

142 

155 

181 

206 

232 

258   ' 

3i 

98-4 

105 

112 

118 

125 

131 

148 

164 

180 

197 

230 

262 

295 

328 

a! 

123 

131   !l39 

148 

156 

164 

184 

205 

225 

246 

287 

328 

369 

410 

3l 

151 

161   |171 

181 

192 

202 

227 

252 

277 

302 

353 

403 

454 

504   ; 

4 

183 

196 

208 

220 

232  !245 

275 

306 

336 

367 

428 

489 

551 

612   i 
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cannot  be  put  into  a  simple  and  uniform 
formula,  applicable  to  all  line  shafts.  The 
question  is  not  merely  one  of  power  trans- 
mission, but  is  affected  vitally  by  those  of  stiff- 
ness, unit  load  on  bearings,  the  distance  apart 
of*  the  bearings,  the  number  and  position  of 
pulleys  or  gear  wheels.  It  is  therefore  usual 
in  text-books  to  give  tables  suitable  for  various 
conditions.  Or,  which  is  preferable,  a  table  for 
average  or  ordinary  power  transmission  is  given, 
and  the  dimensions  are  to  be  increased  accord- 
ing to  the  various  circumstances  which  are 
found  to  exist.  An  extensive  experience  is 
embodied  in  the  formula  deduced  by  the 
Unbreakable  Pulley  k  Mill  Gearing  Co.,  Ltd., 
from  their  own  practice.     It  is : — 

Diameter  of  steel  shaf  t\ 
in  inches  required  | 
to  transmit  a  siven  I 
horse  power,  allow-  >3*7 
ing  for  the  bending  1 
pulleys  I 


'7: 


Rtrain     of 
and  belts 


HP.  to  be  transmitted 

Number  of  revolutions 

per  minute 


Diameters  obtained  from  this  formula  are 
not  to  be  used  for  main  drives,  in  which  case 
50  per  cent,  should  be  added.  In  cases  where 
bearings  are  farther  apart  than  are  given  by 
the  formula 

5'\/diameter  of  shaft  in  inches*-^  =  distance  apart 
in  feet,  the  diameter  of  shaft  should  be 
increased. 

The  tables  annexed  are  calculated  from  the 
formulie  given,  and  are  by  the  Unbreakable 
Pulley  &  Mill  Gearing  Co.,  Ltd. 

Table  of  Distances  of  Bearings  Apart, 
Centre  to  Centre. 


of 


1 
U 

H 

2 


wf        I  Qf 


11 


rt.  Id. 

5  0 
5  9 
€    6 


7  3  I 

8  0 

8  6  li 

%  3  1] 

%  9  II 

10  3 


In. 

3} 
4 

H 

4} 
5 


qf 


Ft 

la. 

11 

0 

11 

6 

12 

0 

12 

6 

13 

0 

13 

6 

U 

0 

14 

6 

or 

Blurt 


15    6 


Id. 

6 

6J 

7 

7J 

s» 

10 

n 

12 


DIUafiM 
Bwrinc.. 

Ft. 
16 

In. 

6 

17 

6 

18 

3  ' 

19 

0 

20 

0 

20 

9 

21 

6 

23 

3 

24 

9 

26 

3 

Table  of  Weights  of  Turned  Steel 

SlIAPTIXG. 

DlunetAr 

par  Foot 

Di*m«tcr 

Weicbt 

,- 

WtdcU 
par  Ami 

of 

of 

IwrFoot 

or 

8h*ft. 

o(  Shut!. 

Shalt. 

al  Shklt 

Hlufl. 

oTSImR. 

i       lo. 

Lb. 

Id, 

Lb. 

In. 

Lb 

2-66 

1     3| 

37-4 

8 

170 

1; 

4-16 

4 

426 

8^ 

193 

*  i 

5-99 

4 

48-1 

9 

316 

8-15 

4 

539 

n 

240 

2 

10-6 

4 

601 

10 

366 

2 

13-5 

5 

66-6 

101 

293 

2i 
2 

166 

H 

80-5  ,  ir 

322 

201 

6 

95-8      Hi 

352 

3 

24  0 

GJ 

112      .    12 

383 

3; 

28-1 

7 

130 

13 

450 

326 

n 

150 

14 

522 

It  is  essential,  too,  that  the  bearings  should  be 
arranged  as  close  as  possible  on  each  side  of  the 
main  pulley  or  gear  wheel.  If  the  number  of 
pulleys  is  unusual,  or  the  work  excessive,  the 
bearings  must  be  spaced  more  closely  than  the 
formula  gives.  Or  if  this  is  impracticable  the 
size  of  the  shaft  must  be  increased. 

No  one  we  presume  ever  uses  wrought-iron 
shafting  now.  Steel  is  more  economical,  because, 
being  stiffer  and  stronger,  a  lighter  shaft  in 
steel  will  do  the  work  of  a  heavier  one  in 
wrought  iron.  It  is  economical  to  use  shafts 
as  small  as  practicable,  because  their  friction 
is  less  than  that  of  larger  ones,  and  the  friction 
of  shafts  causes  a  considerable  loss  in  power. 
No  rule  can  be  given,  but  it  may  vary  from  10 
to  20  per  cent.,  estimating  the  shaft  friction 
only,  without  reckoning  that  due  to  belting  and 
pulleys,  which  would  double  the  above  figures. 

Friction  varies  widely  with  the  degree  of 
efficiency  of  the  lubrication  adopted.  The  Un- 
breakable Pulley  <fe  Mill  Gearing  Co.,  Ltd.,  use 
the  following  formula  : — 

Let  P  =  power  expended  in  overcoming  friction, 
expressed  in  foot  pounds  per  minute. 

xo  =  the  coefficient  of  friction,  say  -06. 
W  =  the  load  carried  by  bearings  in  pounds. 

d  =  diameter  of  shaft  in  inches. 

R  =  number  of  revolutions  per  minute. 

7r  =  314159. 


VOL.  VIII. 


^  =  •2618. 

0-6  X -2618  =015708. 
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By  working  out  diiferenfc  mzm  of  shafts  by  the 
formula  0157W<fR,  it  may  be  shown  that  a 
2  J  in*  shaft  aUsorbs  30  per  cent,  more  power 
than  one  3  A  in.  diameter. 

An  elen^ent  of  economy  in  line  shafting  is 
to  reduce  diameter  in  a  lung  Bhaft  from  the 
end  whem  the  power  is  firBt  tJiken,  to  the 
farther  end  where  the  demands  on  the  shafting 
ai^  the  lowe^st.  Successive  lengths  from  hear- 
in  f|  to  bearing  mwy  thus  be  reduced,  preferably 
by   etjual   fractions,   as   J    in.     The   couplings 


Fig.  Ua— Shaft  Collars. 

uniting  adjacent  shafts  should  then  be  of  one 
sisse  of  bore,  and  the  end  of  the  larger  shaft  he 
stepped  down  to  the  size  of  the  smaller  one. 

There  are  limiting  sizes  to  shafting,  which 
sizes  vary  with  diameter,  Shafts  less  than  6 
ft*  in  length  are  charged  extrji,  and  alsfi  shafts 
exceeding  20  ft.  Hailwa.y  companies  charge 
shafts  exceeding  18  ft  in  length  as  2  tons  in 
weiglit.  The  best  shafts  are  made  of  open- 
he^irth  steeh  Their  tensile  strength  is  from 
27  \jo  32  tons  per  sq,  in,  of  area,  with  an  elonga- 
tion of  20  per  cent»  in  ^  in,  Bessemer  httra  are 
inferior  to  open-hearth. 

CtMara, — The  function  of  these  is  tij  prevent 
endlong  raoveumnt  of  shafting,  and  U*  retain 
114 


loose  pulleys  in  place.  The  sciHd  collar,  Rt 
119,  Af  pinched  on  the  ahaft  with  a  itei«c3T« 
is  the  worst  form,  hecJioset  like  the  fliftii^ 
coupling  its  fit  must  l*e  exact.  Ti»e  pn>jrrtia| 
set'»ci*ew  is  also  very  dangerous,  ita  mnh 
canes  the  head  of  the  set^screw  k  sunk  intoi 
recens,  as  at  B.  This  avfjiils  danger,  b«t  \im 
other  obje<.*tion  remains.  S€>mo  collars  art?  tplii 
hut  with  bc»lt  heads  still  projecting.  In  o^thm 
the  heads  lie  In  recessed  pc^i'ticiiiB,  gnppaig 
thi'ough  flanges^  c.  The  best  form  pmhibhr 
is  the  Trier,  Fig,  119,  d,  in  wbich  the  halfit 
are  united  on  one  side  by  screws,  right  unii  kii 
handed,  with  a  central  boBs  having  bolcn  for 
the  insertion  ni  the  tommy.  On  ih* 
other  side  a  cheese  head  screw  is  imtcrtitl 
having  its  head  sunk  in  a  rec«^$s. 
is  maintained  in  a  condition  of  t 
by  the  tightening  of  the  riglit  and 
hand  screw^  and  thci'efore  doe«*  not 
back. 

Br**ctintf  S/m/thuf, — The  nK'tbods 
doing  thi^i  de[:*t*nd  partly  on  circuni 
chietly  on  whether  it  is  being  done  in  a 
new  shop,  or  in  an  old  t*ne  when?  ib^ 
floor  is  occupied  by  maci lines  and  benches. 
When  there  is  a  clear  floor  area  it  i^ 
better  Xaj  hiy  out  the  p*ksitions  of  the  Uam 
of  shafting  and  of  l>eu  rings  on  the  ^m^ 
plumb  underneath  the  po^itiomi  w\uA 
they  have  to  occupy  civerhead*  It  m 
easy  to  do  thin,  starting  with  thr  lyoalkm 
of  the  main  shaft*  from  which  the  <itbn» 
can  be  laid  out  parallel,  or  at  ng}ll 
angles  n,s  required,  Straight  Hues  tor 
marked  from  a  chalk  line  straincij,  and  in  tumid 
obliteration,  a  few  nails  are  ilriven  in  to  tuadc 
the  location  of  the  line^  and  uf  the  liearinp*- 
Afterwards  the  same  positions  ai'e  niarki^  *«i 
the  beams  overhead  by  dropping  a  plumh  hn** 
tlience,  and  adjusting  it  till  tlit?  bob  m  ngiit 
over  the  lines  on  the  floor.  The  work  of  t^ttct 
ing  the  Ijearings  then  pn>oePib. 

The  foregoing  unly  givea  tlie  currect  rrl* 
tions  in  plan.  To  f^nwure  horiz*intal  truthi  twt» 
methods  are  avai bibles  BJtx?ks  of  wocwi  *ri' 
imilai  down  to  the  floor  at  couvenicmt  locttt)*>ii* 
under  Ix'arings,  and  Icvnllcd  with  a  straightwitft^ 
and  spirit lt*vf^l.  They  tin*  ocimictnfi  oan»fttlly 
by  the  removal  uf  shavijigs  from  the  higlier 
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3,  until  the  surfaces  of  all  are  in  the  same 
antal  plane.  Then  these  form  a  basis  for 
e veiling  of  the  bearings  and  shaftings  taken 
rect  measurement  therefrom  by  means  of  a 
nt  to  the  exact  length  corresponding  with 
height  selectecl,  say  to  the  feet  of  the  be^r- 
and  then  later  to  the  bc^ttom  side  of  the 
ag.     The  bolt  holes  for  the  bearings  can 

I! 


i  Fig.  120.— Erecting  Shafting. 

fiarked  directly  from  a  templet  laid  against 

underside  of  the  beams.     The  templet  will 

i  a  hole  drilled  centrally,  to  Ise  laid  on  the 

Sre  pluiubefl  on  the  beam,  and  then  the  bolt 

are  marked  through  holes  bored  in  the 

Some  subsequent  correction  m  nece^ 

This  m  done  in  both  diretdions.     In  plan, 

effected  by  looping  a  plumb  line  around 

lofting,  and  adjusting  if  necessary  until  the 

it  of  the  bob  comes  exactly  over  the  centre 

on  the  floor.     In  the  hori- 

1  direction,  the  spirit-level  is 

laid  on  a  parallel  straight-   *= 

Iteftting  on  the  shouldered 

of  two  rods  hooked  over, 

I  dependent  from  the  shaft, 

120, 

en  centre  lines  have  to  be 

ed  at  right  angles  on  the 

the  squai'e  is  not  accui*ate 
h.   Then  a  triangle  ia  drawn 
g  a  length  of  3  ft.  marked 
the  base  line,  starting  from  the  point  where 
centre  of  one  shaft  has  to  intersect  that  of 
other*     From  this  starting  point  mark  off 
th  of  4  ft. J  and  from  the  3  ft.  length,  a 
,h  of  5  ft.     A  line  drawn  fn>ni  the  point  of 
tsection  of  the  4  ft.  and  5  ft.  lengths  to  tlie 
ting  point  will  be  at  right  angles  with  the 
Or,  if  the  ba^e  line  citn  be  extended  to 


both  sides,  the  method  of  raising  a  ijerpendicular 
through  the  intersection  of  equal  arcs  can  be 
adopted. 

When  a  shop  is  occupied  with  machines,  new 
shafting  can  be  erected  in  another  way,  though 
a  more  roundabout  one.  The  centre  line  of 
the  shafting  can  be  snapped  with  a  chalk 
Hne  strained  along  underneath  the  beam«.  A 
straightedge  and  level  are  used  to  test  the  hori- 
zontal truth  of  the  shafts,  and  a  straining  line 
of  wire  pulled  taut  checks  the  lateral  alignment, 
measurement  being  taken  thence  to  the  edges  of 
the  hjwer  half  bearing  while  open. 

Wall  brackets  are  fitted  by  essentially  the 
same  methods  as  those  just  described  as  suit- 
able for  plummer  blocks  or  for  hangers*  Lines, 
Fig,  1:^1,  A^  ca,n  ba  plumbed  and  measured  on 
the  wall,  and  a  templet,  b,  set  thereby  from 
which  to  mark  the  bolt  holes  on  the  walh 

CouiUer shafts. — The  function  of  these  is  to 
take  the  power  from  line  shafts  and  deliver  it  to 
the  machines.  The  necessity  for  their  use  lies 
in  the  fact  that  the  rate  of  revolution  of  a  line 
shaft  is  constant,  while  that  of  the  machinea 
driven  therefrom,  with  very  few  exceptions  has 
to  be  varied  largely,  both  in  the  case  of  different 
machines,  and  in  the  same  machine  at  diflerent 
periods.  Also  one,  two,  or  more  countershafts 
may  be  required  for  different  operations  on  a 
single  machine,  as  on  some  grindej^s. 


I 


•  I  *  •  I « 
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Fig.  121, — Loc4i|iii^  Wall  BrJ^^^kets. 

Tlie  speed  of  a  countershaft  is  re-gnlated  by 
the  relative  sizes  of  the  pulleys  on  line  and 
counter.  Frequently  it  raay  have  two  speeds, 
obtained  through  two  sets  of  pulleys.  In  a  set, 
one  pulley  is  looae  on  its  shaft  for  the  belt  to 
run  idly  on^  the  other  is  fast  for  the  driving  to 
take  place  through.  To  vary  the  speed  between 
the   counter  and   the   tsachine,  stepped   cone 
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pulleys  are  used,  with  the  steps  reversed  in  direc- 
tion. Or  in  some  cases,  notably  in  many  of  the 
recent  high-speed  lathes,  the  belt  pulley  is  single- 
stepped,  and  the  changes  in  speed  are  made 
through  gears  in  the  lathe  head. 

Countershafts  are  made  in  two  designs,  the 


^ ^JbL^ 


Fig.  122.— Friction  Countershaft. 

commoner  type  in  which  the  belt  is  shifted  be- 
tween fast  and  loose  pulleys,  and  the  friction 
or  clutch  type  in  which  the  belts  are  made  to 
drive  or  run  loosely  by  the  grip  of  the  friction 
clutches,  as  in  Fig.  122.  Many  of  these  are 
made  now,  not  only  for  ordinary  machine  driv- 
ing but  also  for  main  line  shafts.  See  Shaft 
Couplings  for. examples. 

Countershafts  have  to  fulfil  three  functions. 
They  may  drive  at   one  speed, 
or  at  two  speeds,  but  in  the  same 
direction ;  or  they  may  run  at 
two  speeds,  one  for  driving,  the 
other  for   reversal.      There  are      _„______ 

different  ways  of  effecting  these     i^~  7  "X^Z^ 
movements. 

Single-speed    Counter  shafts. — 
The  common  form  of  this  design 
is  shown  in  Figs.  123,  and  124, 
A.     The  fast  and  loose  pulleys 
are  belted  from  the  main  shaft, 
and  the  stepped  cones  drive  to  the  machine. 
In  the  case  of  some  wood-working  machinery, 
as  circular  saws,  the   necessary  speed  for  the 
saw  spindle  cannot  be  obtained  with  one  counter- 
shaft because  of  the  great  disparity  which  would 
occur  in  the  sizes  of  the  pulleys.     Speed  increase 
is  then   divided   between  two   counters.     The 
one-speed  counter   is   more   common  than  any 
116 


other.  Frequejitly  the  fast  pulley  is  J  in.  or 
\  in.  larger  than  the  loose  one,  so  that  the  Wt 
runs  tightly  only  when  work  is  being  done. 
By  this  device  the  strain  on  bearings  and 
countershafts  is  lessened. 

Two-speed  Counters, — When  the  driving  is  in 
the  same  direction  there  are  ^wo  ways  in 
which  the  relative  speeding  is  obtained. 
The  older  plan  was  to  have  all  puUeys 
on  the  line  shaft  of  uniform  diameters, 
and  to  make  the  differences  on  the  counter 
pulleys.  Fig.  125.  The  usual  method  now 
is  to  make  the  difference  on  the  line 
shaft  pulleys,  and  then  the  counter  is  like 
Fig.  124,  B.  The  middle  one  is  the  fast 
pulley,  and  the  flanking  ones  are  loose. 
The  pulleys  are  two  belts  wide.  In  Fig. 
124,  c  and  D,  they  are  one  belt  wide,  these 
being  alternative  arrangements  of  Fig. 
125. 

When  driving  and  reversal  are  em- 
bodied, then  open  and  crossed  belts  may  be 
used  as  in  Fig.  124,  E  or  f.  Or  the  sets  of 
pulleys  may  be  separated  as  in  o,  h,  or  J.  In 
E  and  F  the  line  shaft  pulleys  must  be  varied, 
if  reversal  is  to  be  more  rapid  than  driving. 

Long  drums  are  essential  when  a  belt  has  to 
be  traversed,  as  in  cylindrical  grinders,  and 
other  machines  with  traversing  heads.  Counter- 
shafts often  carry  pulleys  for  belting  to  the  feeds, 


Fig.  123. — Single-speed  Countershaft. 

to  the  traverse  of  tables,  and  for  actuating  pumps 
for  lubrication. 

Shaft-Straightening  Machine.  -  Em- 
ployed for  straightening  shafts  preparatory 
to  turning  them  in  the  lathe.  The  usual  form 
is  that  of  two  supports  placed  a  little  distance 
apart,  with  a  ram  midway,  to  press  upon  tb^ 
shaft  and  force  it,  either  by  screw,  or  hydrau»c 
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presaure,  Tlie  machine  may  be  fixefl  to  a  bench ^ 
or  it  may  be  attached  to  the  lathe.  One  of  the 
liydraulic  typea  much  reaemblea  the  rail  binder. 
Another  handy  pattern  is  fittecl  with  wheels  to 
run  along  the  lathe  bed^  and  &o  be  capable  of 
acting  at  any  required  position  on  the  shaft, 


Fig.  126  shows  a  lathe  by  the  Societe  A I  sac- 
ienne  de  Constiuetions  Mecaniques^  of  Grafen- 
staden.  The  height  of  centres  is  380  mm.  (H^JJ 
\vi.^  and  shafts  up  U>  150  mm.  (5 J  in.)  by  9000 
mm.  (129  ft.  6|  in.)  can  be  turned,  Tlie  bed  a 
earri^  two  heads,  n  and  o,  which  are  similar 
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Fig.  124.— Countershafts. 


which  is  left  on  the  centres*  It  is  turned  at 
intervals  to  test  the  truth,  a  piece  of  chalk  being 
held  at  various  places  to  indicate  the  parts  that 
are  eccentric. 

Shaft-Tuming  Lathe.— A  special  type  of 
lathe  the  sole  function  of  which  is  that  of 
turning  shafting,  usually  at  one  traver&^e  of  the 
slide  rest.  The  bed  is  long,  and  an  arrange- 
ment is  included  by  which  both  ends  of  the 


e^h:^ 


:^s^^. 
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excepting  for  the  fact  that  D  la  adjustable  along 
the  bed  by  rack  and  pinion,  to  suit  various 
lengths  of  work.  The  driving  of  each  head 
spindle  is  from  the  cones  and  back  gear  at 
D,  actuated  from  the  countei'shaf t  E,  D  drives  a 
sliaft  F  lying  at  the  back  of  the  bed,  and  this 
shaft  connect"!  up  to  each  of  the  spindles  through 
lour  gea^rs,  when  clutches  at  G  and  h  are  slid 
into  engagement.  The  spindle  of  c  is  only 
driven  when  it  i^  necessary  to  turn  right  to  the 
end  of  the  shaft  at  b,  the  carrier  thereon  being 
detached.  T>ouble  pin  driver  plates  are  em- 
ployed.    Tlie  shaft  F  is  supported 

^-j^^^— ^^ — ^LJUU/ic^t^^*  ~ I'-i-^— ~^""^       by  tumbler   bearings   at   J    and 

^^  ^^jjj^]^  g^j^  pushed  downwards 

when  the  carriage  L  meets  either  of  thenif 
regaining  their  position  by  means  of  the  balance 
weights  after wartis.  The  self-acting  feeds  of 
the  carriage  are  derived  also  from  f,  through 
worm  gear,  thence  by  a  cross-shaft  to  gears 
under  the  apron,  where  a  pinion  engages  with 
the  rack  on  the  front  of  the  bed.  Hand  gear 
is  prov^ided  for  the  purpose  of  effecting  adjust- 
menta.  An  automatic  shipping  gear  is  fitted, 
to  atop  the  rest  at  any  predetermined  position ; 
the  shaft  m  has  adjustable  dogs  upon  it,  and 


Fig.  125, — 'Two-flp#ed  Countershaft. 

shaft  can  be  driven  in  turn,  to  leave  them  free 
for  the  passage  of  the  tools  right  to  the  end. 
The  tools  are  multiple,  to  rough  and  finish  at 
one  pass,  either  thi'^ee  or  four  being  employed. 
A  steady  rest  is  necessary  to  prevent  the  shaft 
from  springing,  or  sagging  by  its  own  weight. 
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as  these  are  struck  by  the  rest  moving  in  either      latha     The   same  eflfect  is   produced  by  th 
direction  the  lever  N  is  thrown  over,  and  pulls      attendant  moving  the  rod  M  by  hand. 


m 
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cords   connected   to  a  similar  lever  o  on  the  The  carriage  cross-slide  supports  three   tc 

countershaft,  striking  the  belt,  and  stopping  the     holders,  two  opposite  each  other  for  roughu 
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t4w*ls,  and  one  alongside  at  the  fn>nt  fiir  finish- 
ing* Three  sijuai-ed  spindle  ends  at  the  front 
provide  for  adjusting  the  tmA^  for  diamet-er. 
The  back  reat  screw  is  operated  through  spur 
gears,  driving  from  the  central  spindle,  which 
has  to  be  placed  to  one  side  on  account  of  the 
next  screw.  A  pump^  P,  supplies  ample 
lubricant  to  the  tools,  each  one  being  provided 
with  a  pipe  above.  The  steady  rest  Q  is 
duplicated  both  in  front  and  behind  tlie  carriage 
on  long  shafts. 

Shaping-— Signifies  the  tooling  of  short 
pieces  of  work  in  a  reciprocating  type  of  machine 
tool.  There  is  a  large  volume  of  such  work  in 
a  machine  shop,  which  caimot  eciinomJcally  be 
put  on  a  planer  of  long  strtjke.  Shaping  is  done 
on  horizontal  faces  chiefiy*  Vertical  faces  can 
only  be  dealt  with  if  not  very  deep  ;  and  though 
the  length  which  can  be  shaped  is  limited  to 
the  length  of  stroke  of  the  machine,  the  width 
is  only  limited  by  the  working  length  of  the 
bed,  Le.^  that  over  which  the  t-cxil  ram  or  the 
knee  can  be  traversed.  Cirt^ular  shaping,  both 
convex  and  concave,  can  he  done*  Blotting  is 
practically  nearly  identical  with  shaping  in 
regard  to  the  class  of  work  done,  the  principal 
difference  being  in  the  horizontal  and  vertical 
movements  respectively^  of  the  tool.  Tlie  mill- 
ing  machine  has  appropriated  much  of  the  work 

•  of  the  shaper. 
Shaping'  MachinCS*^ — Machine  tools  of  the 
reciprocating  group,  which  differ  from  planera 
in  their  relatively  shorter  stroke^  which  rarely 
exceeds  from  15  in.  to  24  in.  in  length,  wiiile 
in  the  smaller  machines  the  sti'oke  is  limited 
to  6  in.  or  8  in.  A  shape r  comprises  a 
bed,  supported  on  feet,  or  going  down  to  the 
floor,  and  carrying  the  shaper  arm  above,  and 
the  work  table,  of  knee  form,  on  one  vertical 
face.  This  knee  is  provided  with  horizontal 
and  vertical  adjustments.  The  work  is  fixed, 
and  the  tool  ann  reciprocates  over  it.  The 
vertical  feed  is  always  imparted  to  the  tool 
box,  the  longitudinal  or  lateral  feetl  is  imparted 
to  the  tool  arm  through  its  carriage  in  machines 
of  large  and  medium  si/x%  but  in  those  of  small 
dimensions,  to  the  knee.  Machines  have  one 
tool  arm,  and  one  knee ;  <>r  one  tool  arm,  and 
two  knees,  or  they  arc  double-headed^  each  kuee 
iving  its  own  head  and  arm.     Movements  may 


be  by  hand,  or  self -acting.  The  ram  usually 
has  a  c|uick  return  motion.  Provision  exists 
for  shaping  plane  surfaces,  and  con  vex j  and 
concave  forms.  We  will  consider  the  leading 
element-s  in  turn. 

The  Bed^  and  TaMeif. — Tlie  bed  is  of  box  form, 
and  whether  it  is  supported  on  feet  or  not 
depends  mainly  on  manufacturers'  ideas.  But 
generally  the  double-headed  shapers  in  the 
smaller  sizes  only  are  carried  on  feet,  though 
there  are  examples  of  massive  shapers  so  buUt. 
The  feet  are  spread  very  much  at  the  base  to 
afford  steadiness  to  the  overhanging  ta-bles,  and 
under  heavy  cutting.  But  a  box  bed  reaching 
to  the  ground  is  generally  preferred  in  ahapers 
of  all  dimensions,  the  base  being  spread  widely. 
In  the  smallest  shapers  the  be<l  is  a  pillar  of 
nearly  square  section  in  the  horizontal  plane. 
In  the  larger  ones  it  is  of  oblong  form.  The 
front  face  of  the  bed  has  machined  facings 
running  horizontally,  to  receive  the  carriage  or 
saddle  on  which  the  work  table  or  knee  is  5tted. 
The  saddle  slides  horizou tally  on  the  facings  for 
lateral  adjustment^  and  feed,  the  table  slides 
vertically  for  adjustment  in  that  direction, 
which  is  effected  by  a  screw  actuated  by  bevel 
gears  from  a  handle  at  the  front.  The  saddles 
are  clanij>ed  by  tee-head  bolts  sliding  in  t^e 
grooves  in  the  facings,  and  the  tables  are 
clamped  similarly  to  the  saddles,  Tn  some 
designs  the  saddles  tit  by  vee*d  edges  to  the 
bed  facings. 

The  tables  are  generally  of  angle  plate  form^ 
to  permit  of  bolting  work  to  the  top  and  side» 
Some  ta-bles  form  three  sides  of  a  rect-angle,  to 
give  two  opposite  vertical  faeces  for  b<jlting  to. 
Tee-head  grooves  are  made  in  ea^h  work  face 
to  receive  tightening  bolts.  In  a  few  shapers 
the  table  is  made  to  swivel  by  worm  gear,  and 
is  gratluated  to  permit  of  slmping  work  to 
definite  bevels, 

Thti  Tool  BoXf  atvi  Mam, — The  cutting  tool 
is  carried  in  a  bftx  at  the  end  of  an  arm  or  ram, 
which  b  reciprocated  in  guides  on  a  traversing 
saddle,  moving  on  ways  on  top  of  tlie  bed  (the 
traversing  h*:(id  type).  In  many  of  the  smaller 
machines  the  ram  does  not  traverse,  but  that 
movement  is  imparted  to  the  work  table.  Then 
the  ram  reciprocates  only  on  top  of  the  bed. 
in  the  tirst  case  the  tool  has  three  movements } 
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the  longitudinal  traverse,  giving  the  lateral 
feed,  the  reciprocating  stroke,  giving  the  length 
of   cut,  and  the  downward   movement,  giving 


work.  Circular  cutting  is  done  in  the  case  of 
concave  surfaces  by  an  arc  movement  imparted 
to  the  tool  box,  by  worm  and  quadrant  gear, 
which,  however,  is  not  included  in  all  machines. 
Convex  work  is  cut  by  means  of  an  arbor  rotated 
through  an  arc,  or  a  complete  circle.  The  tocrf 
slide  is  fed  downwards  by  hand,  or  in  many 
machines  a  power  feed  is  included. 

The  method  of  operating  the  tool  arm  is 
generally  by  means  of  the  Whitworth  link, 
situated  at  the  rear  of,  and  generally  below  the 
ram.  The  free  end  of  the  link  is  connected  to 
the  ram  by  means  of  a  rod.  The  length  of 
stroke  is  capable  of  variation  by  altering  the 
position  of  the  die  block.  In  this  design  the 
rate  of  cutting  stroke  is  not  uniform.  Hence  the 
geared  shaper  \a  sc^metimes  preferred.  But  it 
lacks  the  precision  of  the  t^ rank- driven  machine 
ID  which  reversal  takes  place  to  the  thick- 
ness of  a  line,  which  is  of  much  value  when 
the  tool  has  to  plane  to' a  shoulder,  though  of 


Fig.  127.— 8-Inch  Shaper.     (Front  Elevation.) 


the  feed  for  depth.     In  the  second  case  the  tool 
has  the  last  two   movements  only.      Angular 
cutting  can  only  be  done  by  adjustment  of  the 
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less  value  when  the  tool  may  overrun  the  work 
as  in  planers.  In  the  larger  link- driven 
machines,  the  link  is  situated  outside  the  fram- 
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iDg  :  in  the  smaller  ones,  o!  what  may  be  termed 
pUlar  type,  tlie  link  is  within,  and  takea  a 
diRVrent  form,  describiNi  under  Quick  Return. 

Sjtmis,  and  Feeds.S^&^s  fur  driving  are 
obtained  from  stepped  cones  driven  from  the 
countershaft,  four  steps  being  usually  included, 
giving  four  speeds*  Tiie  feed  is  thruujj^h  a 
screw  lying  centrally  between  the  ways  of  the 
bed  J  and  this  is  driven  through  spur  gears,  by 
which  the  rates  of  revolution  of  the  cone  pulley 
are  geared  down  through  ratchet  feed  wheels, 
A  short  shaft  which  carries  the  disc  for  quick 
return  also  carries  a  slotted  feed  disc.  There 
are  thus  several  rates  of  feed  for  each  speed  of 
the  stepped  eone.  The  feeds  may  be  «et  by  a 
divided  hand- wheel. 

The  quick  return  is  derive^i  froiu  the  same 
siiaft  which  carries  the  feed  disc.  The  disc  on 
the  shaft  is  slotted  to  receive  the  die  block  or 
nut,  which  slides  in  the  slotted  crank  arm. 
The  cutting  stroke  takes  place  w*hen  the  block 
is  on  the  upper  half  of  its  circular  path,  the 
quick  return  stroke  when  it  is  on  the  lower. 

The  down  feed  to  the  tool  box  is  generally 
effected  by  hand^  with  or  without  micrometric 
arrangements,  ejccept  in  the  larger,  and  more 
complete  machines.  A  ratchet  and  pawl  are 
fitted  to  some  of  these  to  effect  the  movement 
from  the  motion  of  the  ram.  The  qua4:li*ant 
fitting  for  internal  curves  is  also  fed  by  band, 
or  is  sell-acting  by  a  ratchet  and  pawl 

The  arbor  for  supporting  w^ork  which  is  being 
cut  to  external  curves  is  rotated  by  worm  gear 
actuated  by  ratchet  and  pawl  from  a  slotted 
disc,  which  gives  feed  adjustment-s.  This  arbor 
is  located  about  centrally  on  the  bed,  just 
below  the  ways.  Some  shapers  are  made  with 
a  constant  speed  belt  drive,  the  variations  in 
speeds  being  effected  in  a  speed  gear  box,  a 
method  which  is  in  harmony  with  modern 
tendencies,  more  frequently  seen  in  machines  of 
other  types,  as  milling  machines  and  lather. 

Miscellaneous  Feaim^tt — Geared  Shapers, — 
In  these  the  quick  return  is  effected  by  a  pulley 
distinct  from  that  used  for  cutting,  and  being 
smaller  than  the  latter.  A  train  of  gears  drives 
to  the  ram,  which  is  driven  by  a  rack.  In  the 
Hendey  sbaper  of  this  type,  the  pulleys  are 
actuated  by  a  friction  wheel  moved  into  contact 
with  the  interior  of  either  of  the  pulley  rims. 


In  the  Walcott  geoired  shaper  two  cutting 
speeds  are  pronded  for  by  two  countershaft 
speeds,  one  for  steel*  the  other  for  cast  iron. 
In  the  Hendey  machine  the  driving  pulley  has 
two  steps. 

Mevatbtg  Rail  Ueisigji. — In   the  Cincinnati 


t^ 


Fig.  128.^8-Inch  Sbaper.     (End  Elevation.) 

design  the  table  has  no  elevating  movement  in 
itself,  but  it  is  raise*!  and  low^ered  along  with 
the  vertical  ways  which  form  a  cross-rail, 
gibbed  to  vertical  guides  on  the  front  face  of 
the  pillar.     The  rail  is  moved  vertically  with 
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a  screw,  and  the  table  moved  horizontally  also 
with  a  screw. 

Modified  Tables, — The  Cincinnati  designs 
include  a  table  the  faces  of  which  occupy  all 
four  sides  of  the  rectangle,  three  being  fitted 
with  tee  grooves.  There-  is  a  revolving  table 
turned  by  gears   through   an   angle  of  90°  in 


Fig.  129. — Ram  Driving  Gear. 

each  direction.  Another  form  of  table  is 
hinged  to  tilt  forwards  from  the  bottom.  In 
a  third,  an  extra  tilting  top  is  fitted  to  ordinary 
tables.  A  revolving  table  fitted  with  a  tilting 
top  carrying  a  vice  is  useful  for  cutting  dies 
and  moulds. 

Dratv-Cut  Shaper. — This  is  made  by  the 
Morton  Co.,  its  feature  being  that  the  tool  cuts 
on  the  inward  stroke.  The  stress  is  purely 
tensile  and  less  vibration  results  than  in  the 
ordinary  type.  Some  minor  modifications  are 
rendered  necessary,  such  as  pivoting  the  tool 
block  to  relieve  the  pressure  on  the  forward 
stroke  instead  of  on  the  backward.  The  ram 
is  rack  driven. 

Examples  of  Shaper s. — Figs.  127  to  133  show 
an  8-in.  stroke  shaper  by  Cunliffe  «fe  Croom,  Ltd., 
of  the  type  in  which  the  feed  is  imparted  to  the 
ram,  the  knee  being  adjustable  by  hand,  but 
remaining  fixed  during  cutting.  The  following 
are  the  principal  details  : — 

The  bed  a  is  mounted  on  two  legs,  and  has 
ways  planed  on  top  for  the  saddle  b  of  the 
head,  and  on  the  front  for  the  saddle  c  of  the 
knee  D.  The  latter  has  two  tee-grooved  faces 
for  the  attachment  of  work  to,  and  is  raised  and 
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lowered  by  the  screw  e  actuated  through  mitre 
wheels,  by  a  horizontal  shaft  F  from  the  front, 
turned  by  a  crank  handle.  The  tee-head  bolts 
a,  a,  a,  a,  clamp  the  saddle  against  the  face 
of  the  bed  when  vertical  faces  are  being  tooled, 
and  when  working  on  horizontal  faces.  The 
table  is  fed  transversely  by  the  screw  g  in  a 
nut  on  the  back  of  the  saddle  c. 

The  saddle  b  of  the  ram  is  fed  by  a  screw  h 
in  the  nut  j  underneath,  by  ratchet  gear  seen  in 
Fig.  127  and  separately  in  Fig.  131.     For  hand 
adjustment  the  crank  K,  Fig.  127,  is  utilised. 
The  ram  l  is  reciprocated  in  b  to  which  it  is 
fitted  by  square  gibbed  edges.     The  driving  of 
the  ram  takes  place  in  the  following  manner  :— 
The  cone  pulley  M  driven  from  the  similar  pulley 
on  the  counter  has  a  spur  pinion  n  on  its  shaft 
(compare  with  Fig.  129),  which  drives  the  wheel 
o.    The  pinion  n  is  splined  to  the  shaft  to  traverse 
with  the  carriage  b.     The  wheel  o  is  keyed  fast 
to  its  spindle  which  is  carried  in  a  bushed  lug  in 
the  carriage.     A  slotted  disc,  p,  is  attached  to 
the  opposite  end  of  the  spindle,  across  which  the 
pin  and  block  h  can  be  adjusted.    It  slides  in  the 
link  Q,  which  rocks  in  the  pivot  c  in  an  extension 
of  the  carriage  b.  The  link  is  not  pivoted  directly, 
but  has  a  slight  amount  of  sliding  on  the  pivot, 
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Fig.  130.— Feed  Ciears. 

in  order  to  avoid  an  arc  movement  where  it  is 
connected  to  the  block  c?,  which  transmits  the 
slow  cutting  and  quick  return  movement  to  the 
ram.  The  adjustment  of  the  length  of  stroke 
of  the  ram  is  effected  by  changing  its  position 
in  regard  to  this  block,  which  is  clamped  any- 
where in  the  slot  provided  in  the  ram,  as  shown. 
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The  tool  box  ^  the  end  of  the  ram  l  is  of 

e  iLsual  type  fitted  to  shaping  machines,  hut 

with  the  addition  of  an  automatic  down  feed. 


Fig.  131.— Ftied  Geius, 

The  tool  holder  «  ia  a  clapper^  to  relieve  the 

tool  on  the  back  stroke.     It  ia  swivelled  through 
an  arc  by  tlie  womi  gear  at  J\  comprising  a 
worm  and  a  quad  rant*    The  screw  ^  imparts  the 
down  feed.     The  crank  handle  alx>ve  effects  the 
feed  by  hand.     A  device  seen  in  front  of  the 
im.  Fig,  128,  derives  it  from  the  movement  of 
tlie  rani  itself.     It  is  a  ratchet  wheel,  and  bevel 
wheel  wliich  commumeate  intermittent  motion 
through  bevel  geara  to  the  feed  screw  ^.     The 
ratchet  movement  is  derived  fi'oui  the  friction 
quadrant  J,  rocked  to  and  fro  in 
contact  with  one  of   the  gibs  B 
by  the  reciprocation  of  the  ram. 
The   feeds    are   derived   from 
the  splined  shaft  r  driven  by  the 
oones   M,  and   are   iteen   at   the 
rightrhand  ^\\A  of  Pig.  127  and 
partly  enlarged  in  Figs.  130,  13L 
A  pinion,  k^  at  the  end  of  R  drives 
a   slotted   feed   discj   l^   through 
teeth  on  itu  periphery^  and  this, 
by  means  of  a  lever,  wn^  and  pawl, 
n,  actuates  the  screw  h  through 
the  nut  J,  Figs.  127,  128,  for  the 
longitudinal     traverse     of     the 
carriage. 

The  circular  shaping  attachment  is  indicated 
at  8,  in  the  general  views,  and  in  detail j  Fig.  132, 
It  oomprises  a  worm  on  the  ahaft  t  and  a  worm 
wheel,  8,  on  the  arbor  u.     The  driving  takes 


place  from  the  wheel  o  loc»se  on  the  shaft  h, 
through  an  idler  to  the  wheel  p  on  the  end  of 
the  shaft  t.  The  amount  of  feed  is  regulated 
by  the  ratchet  y.  The  arbors  of  various  sizes 
and  lengths  supplied,  and  interchangeable  in 
the  bed  are  seen  in  Fig.  132.  Tlie  machine 
vice  is  shown  in  Fig.  133. 

A  heavy  machine  of  12'in.  stroke  is  shown  by 
the  next  Figs,  13i  to  139,  being  one  by  Tangyes, 
Ltd.  A  stiff  box  bed,  a,  goea  down  to  the 
ground.  A  deep  saddle,  b,  clamped  to  tee  slots 
on  the  face  of  the  beds  carries  the  knee  c,  which 
ha^  two  tee-grooved  working  faces.  The  saddle 
is  barred  along  by  means  of  a  rack»  a,  cast  in 
the  face  of  the  bed.  The  knee  is  raised  and 
lowered  by  band  by  the  screw  i>,  and  bevel 
wheels  from  the  horizontal  shaft  e.  The  ram 
saddle  F  is  fitted  with  vee^d  edges,  and  a 
gib  to  the  top  of  the  bed,  and  is  traversed  by 
the  screw  o,  wliich  is  double- threaded.  The 
ram  u  fits  with  square  edges  and  strips,  and 
is  gibbed.  Its  method  of  operation  is  as 
follows  \- — 


Fig.  132.^ — OiFcuIar  Shaping  Arbors. 

The  cone  pulley  j  seen  in  the  front  and  rear 
views  of  the  machine,  Figs,  134  and  136,  driven 
from  the  counterahaft^  Fig*  13 7, drives  the  splined 
shaft  K,  along  which  the  pinion  i.  slides.     The 
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latter  is  confined  by  a  bracket  which  forms 
a  portion  of  the  carriage  f,  so  travelling  with 
the  latter,  l  drives  the  wheel  m  on  a  journal 
which  has  its  bearings  in  the  bracket  just  men- 
tioned.    At  the  other  end  of  the  journal  the 


Fig.  133.— Shaper  Vice. 

slotted  disc  n  carries  the  adjustable  block  o, 
which  slides  in  the  link  p  pivoted  at  6,  thus 
providing  the  means  for  slow  cutting  and  quick 
return  to  the  ram  h,  through  the  connecting  rod 
Q.  The  position  of  the  ram  is  regulated  by  the 
block  R  moved  along  the  slot  in  the  ram, 
Fig.  138. 

The  longitudinal  feed  of  the  saddle  p  by  the 


shaft,  and  actuating  the  link  x,  which  actuates  a 
ratchet  pinion  on  a  shaft  passing  along  within 
the  bed,  carrying  a  worm  at  its  farther  extremity 
turning  the  worm  wheel  y,  and  its  sleeve,  into 
the  end  of  which  the  cone  mandrels  z  of  diflferent 
sizes  are  fitted  (compare 
with  the  enlarged  sec- 
tion in  Fig.  139).  The 
tool  box  is  provided  with 
a  swivel  motion  indexed 
for  shaping  internal 
curves. 
Fig.  140,  Plate  VII.,  is  a  pillar  shaper  with 
geared  friction  drive,  embodying  pulleys  for 
open  and  crossed  belts,  with  a  cone  clutch 
between.  The  arms  of  the  clutch  are  elastic, 
so  that  the  shock  of  engagement  is  mini- 
mised. The  clutch  is  slid  to  right  and  left 
alternately  through  levers  actuated  by  the 
motion  of  the  ram,  which  carries  adjustable  stop 


Fig.  134.— 12-Inch  Shaper.     (Front  Elevation.) 


lug  c  is  accomplished  from  the  feed  disc  s  and 
rod  T,  engaging  a  pawl  with  the  wheel  u,  en- 
gaging with  another  wheel  fitting  on  the  screw 
G.  Hand  adjustment,  or  hand  feed  is  provided 
by  the  wheel  v.  The  circular  feed  is  derived 
from  the  slotted  disc  w,  driven  from  the  splined 
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dogs,  the  position  of  which  may  be  altered  while 
the  machine  is  running,  to  lengthen  or  lessen 
the  stroke.  As  the  ram  is  fixed  laterally,  the 
feed  motion  is  given  to  the  table,  by  hand, 
or  automatically  by  the  ratchet  device  seen. 
There  is  a  hole  through  the  frame,  beneath  the 
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Fig.  135.— 12-Inch  Shaper.     (End  Elevation.) 


Fig.  136.— 12.1nch  Shaper.     (Rear  Elevation.) 
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ram,    so   that    sbalts   of    any 
passed  through  and  kejseated. 


length    may   be 


■EZZIS- 


ES:^^ 


Fig.  137.— Countershaft* 

Fig.  141,  Plate  YII,,  illustrates  an  American 
type  shaping  machine  of  2C'in.  stroke.  The 
ram  is  driven  by  Whit  worth  motion,  and  eight 
speeds  are  obtained  through 
the  four- stepped  cone^  with 
a  two-speefl  countershaft. 
The  saddle  is  adjustable  along 
the  bed  by  a  rack  and  pinion, 
and  a  self -at- ting  feed  is  im- 
parted by  ratchet  mechanism 
in  the  usual  manner.  Thei'e 
is  also  a  ratchet  arrangement 
for  the  circular  arbor  feed. 
There  are  two  tables,  one 
having  three  tee-slotted  faces 
for  holding  work,  the  other 
hainng  only  a  horizontal  face. 
Both  the  saddles  carrying  the 
tables  are  adjusted  along  the 
face  of  the  bed  by  racks  and 
pinions  operated  with  a  ratchet 
lever,  and  the  tables  them- 
selves  are  moved  up  and  down 
by  screw  and  handle  at  the 
front.  The  indest  centres  seen 
on  the  ground  can  be  mounted 
on  the  table  face. 

When  two  heads  are  mounted 
the    result    is    p  ractical  ly    two 
machines,    with    the    advantage 
a  single  attendant  can  manage 

Fig, 

double-headed  machine  of  20  in*  stroke. 
Each  .saddle  is  driven  by  its  independent 
gear,  including  a  thi*ee-stepped  cone, 
and  the  choice  of  two  ratios  of  spur 
gearsj  either  of  which  is  thrown  in  by  sliding 
with  a  clutch  handle.     The  Wliit worth  motion 
actuates  the  rams.     There  are  self-acting  feeds 
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for  traverse,  and  for  the  vertical,  and  aeg- 
mental  motions  of  the  tool  boxes.  The  three 
saddles  carrying  the  tables  are  moved  laterally 
by  a  pinch  bar  inserted  through  a  slotted  angle 
plate  at  the  edge  of  the  table,  and  bearing 
against  the  ribs  cast  at  the  front  of  the  bed. 
Handle  motion  and  a  screw  are  used  to  devate 
the  tables^  which  are  clamped  against  their 
saddles  by  bi^lts  coming  to  the  front. 

Sharpening.^-This  is  often  a  distinct  openi. 
tion  from  that  of  tp'inding  cutting  tools.  It  h 
always  so  iii  those  used  for  wood -workings  but 
in  many  for  metal- work  the  two  operations  wtt 
cornbinect    in   one.     In  all   cuse^  w^here  heavv 


13t$b — Section  of  Ram 


on  one  bed, 
independent 
that 
both. 
U2,  Plate  VIIL,  show^s  a  heavy 


roughing  only  is  being  done,  tiie  metal  cutting 
tools  are  left  as  ground,  but  for  fine  finiahing 
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Fig.  139-— Circular  Arbor. 


with  light  cuts  the  tools  are  frequently  ficiiabed 
on  a  hone*  This  is  done  in  broad  finishing  tools, 
spring  tools,  round  nose  and  radius  tools,  and 


PLATE    VII. 
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Fig.  93*— S^Ew  AGE  Plant  at  iSmtiN. 


Fig.  144),— Pill  A  K  f^MAi'ixii  MAtHiSK. 


Fig.  141.— SiiArisii  MAtHiSK  with  SuDiVfi  Saddlk.    (Xilefi-BempntPond  Co, ) 
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others  of  sintilar  clinraeter,  the  operations  of 
which  approximate  moi'e  Dearly  to  sci'aping  than 
to  cutting.  In  some  casea  the  ^raoothness  of 
edge  which  ft.»llows  sharpening  is  obtained  by 
grinding  with  wheels  of  fine  grade^  removing 
extremely  minate  amounts.  It  is  so  in  milling 
cutters,  and  in  many  m^iohine  cutters  for  wocxi. 
Sharpening  t-oob  for  wood- working  invariably 
folio ws  grinding.  The  latter  removes  material 
in  (quantity,  the  former  iniparts  a  fine  edge. 
After  repeated  sharpenings,  the  angle  of  the 
tool  becomes  increased  or  lAiVArmJc^,  and  then  it 
has  to  be  reduced  by  rcgrinding. 

The  art  of  sharpening  consists  in  rubbing  the 
opposite  facets  of  the  tool  in  turn  upon  a  hone 
of  suitable  grade,  using  oil  to  render  the  opera- 
tion easy,  and  to  lessen  lieating.  If  a  tool  ha« 
one  face  wholly  flat,  and  the  bevel  wholly  on 
the  other,  then  the  actual  reduction  must  be 
ma^Ia  on  the  bevelled  face  only.  This  is  rubljed 
down  until  a  wir^^  €dtfe  of  metal  is  turned  over, 
and  thiM  is  then  turned  back  by  a  slight  rubbing 
of  the  fiat  face,  held  quiujial  on  the  h<jne. 
This  may  Ym  repeated  two  or  three  times  in 
succession. 

Shearing". — A  shearing  foiTe  is  one  which 
operates  in  the  plane  of  a  cross  section.  Its 
intensity  is  equal  to  the  shearing  force  s  k  the 
area  of  the  section.  But  a  simple  shearing 
strain  occurs  only  when  the  force  ia  exercised 
in  a  single  plane.  A  rivet  properly  closed  ia 
an  example  of  such  a  sti'ain.  But  if  the  rivet 
fita  loosely,  the  strain  is  no  longer  that  of 
simple  shearing,  but  includes  bending  also. 

A  beam  &xed  at  one  end  and  loaded  at  the 
other  is  subject  to  both  shearing  and  bending. 
But  as  the  latter  form  of  loading  is  greater, 
the  former  Ls  not  considered  in  calculations. 
It  is  demonstrable  that  unless  there  were  an 
upward  shearing  resistance  l:>etween  the  loaded 
and  the  fixed  end,  the  beam  would  drop. 
The  shearing  load  at  any  part  of  a  beam  equals 
the  resultant  of  all  the  parallel  forces  acting 
on  the  beam  on  one  side  t^f  that  section.  See 
Beam- 
Shearing  Machines. — A  large  group  in 
which  the  action  is  that  of  a  pair  of  shears 
operated  by  power.  As  the  shears  are  often 
constructed  with  a  punch  in  one  framings  the 
general   type   is  described   under    Punching 


Machines.  The  top  shear  is  actuated  either 
by  a  cam,  or  a  lever,  or  by  hydraulic  power 
similarly  to  the  punching  slide.  But  though 
the  majority  of  Tuachine^  are  thus  made  double- 
ended  for  the  convenience  of  the  general  shop, 
large  numbers  are  designed  single-ended  for 
shearing  only.  These  include  the  large  type^ 
used  in  steel  wiirks,  in  ship  and  bridge  yards, 
besides  the  special  designs  used  for  cutting 
oflF  bars,  angles,  channels,  and  other  sections, 
and  those  employ e<i  in  sheet  metal  working, 
including  the  rotary  shears. 

The  framings  of  shearing  machines  follow 
the  same  lines  as  the  punching,  or  combined 
punching  and  shearing  machines  do.  They 
are  usually  of  cast  ivxiUy  which  if  rigidly  built 
is  suitable  Enough,  but  many  framings  have 
failetl  by  fracture  through  the  gullet^  following 
a  long  period  of  service.  Of  late  years  the 
practice  of  building  frames  of  plate  and  angle 
has  extensively  developed,  and  large  numbers 
of  these  are  now  in  operation. 

The  single  ended  machines  are  actuated  in 
various  ways,  as  by  belt  on  fast  and  loose 
puUeys,  driving  through  a  heavy  flywheel  and 
pinion  to  a  wheel  on  the  eccentric  shaft,  thus 
reducing  speed  with  gain  of  power,  and  provid- 
ing a  store  of  energy  to  carry  the  shear  through 
the  plate.  The  shear  blades  are  arranged 
either  in  front  of  the  gullet^  or  at  one  side. 
In  the  first  there  is  a  limit  to  the  length  wdiich 
can  be  cut,  in  the  second  there  is  not.  But 
the  width  is  not  limited  in  the  firatj  while  it  is 
in  the  second.  Each  has  its  own  special 
utilities. 

Many  of  the  heavier  machines  are  driven  by 
their  i*wn  independent  engines  bolted  up  to  the 
framings.  This  is  advantageous  in  shops  and 
sheds  where  the  machines  are  not  located  in 
lines  parallel  with  line  shafts.  The  substitution 
of  an  electric  moti>r  for  the  engine  has  been 
going  on  to  a  great  extent  in  recent  years,  and 
is  free  from  the  objections  which  exist  to  the 
use  of  the  transmission  of  steam  thn>ugh  long 
pipes.  Tlie  practice  will  probably  in  time  oust 
the  fitting  of  steam  engines* 

Large  nural>ers  of  shears  are  actuated  directly 
by  an  hydraulic  piston.  Tlie  ram  or  piston  is 
enclosed  in  a  cylinder  enclosed  by  the  head  of 
the  machine,  and  presses  on  the  top  slide  which 
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carries  the  shear  blade.  The  piston  is  of  large 
diameter,  to  afford  the  required  pressure,  but  a 
small  piston  in  a  separate  cylinder  is  used  to 
lift  the  shear  blade.  This  is  effected  in  an 
automatic  manner.  The  two  pistons  are 
united,  and  the  small  one  is  always  under 
pressure.  The  downward  stroke  of  the  shear 
is  regulated  by  a  hand  lever  actuating  a  valve 

-3 


and  the  cross-rail  of  the  machine.  The  lower 
shear  blade  block  D  is  bolted  down  to  b.  c 
carries  the  upper  sliding  blade  holder  e,  which 
moves  in  adjustable  guides,  and  is  forced  dowD 
by  the  piston  p  of  the  hydraulic  cylinder  o 
which  is  fitted  within  the  box  girder.  The 
return  cylinders  h  h  are  fixed  above  c.  The 
hydraulic  driving  gear  is  at  J  at  one  side  of  the 


Fig.  143.— Double  Standard  Hydraulic  Plate  Shears.     (Front  Elevation.) 


which  cuts  off  after  each  stroke,  and  whence 
also  a  branch  pipe  leads  to  the  small  cylinder. 

Figs.  1  i3,  144  illustrate  plate  shears  of  this 
type  by  Breuer,  Schumacher,  k  Co.  A.G. 
of  very  massive  proportions.  A  A  are  two 
hollow  standards  of  cast  iron.  Box  girders  B 
and  c  built  up  of  plate  and  angle  are  united  to 
the  standards  to  form  respectively  the  base, 
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machine,  k  is  the  operating  lever.  The  pipe 
connections  are  clearly  shown.  This  machine 
shears  plates  up  to  60  mm.  (2|  in.)  in  thickness, 
and  2000  mm.  (6  ft.  6|  in.)  wide.  Similar 
machines  are  built  with  steam  driving  gear  and 
hydraulic  return  stroke  cylinders. 

This  method  of  a  central  ram  is  not  adapt- 
able for  shears  of  over  5  or  6  ft.  in  width.     The 
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Fig*  14*2*— DorBLE  Heaiied  SitAPLxj  Malmine.     (Thomas  Khatiks  &  Co,) 


Fig.  U.5.— ?LATK-tSrttL\Rryo  MitcntXR,    (Rush worth  A  Co.) 
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large  plate  shears  with  blades  ranging  from  say 

5  ft.  to  12  ft.  are  sometimes  operated  by  a  slide 
at  each  end  driven  by  its  eccentric,  and  the 
mass  is  counterbalanced  by  a  steam  or  air 
pressure  cylinder,  or  by  weights  hanging  from 
the  ends  of  levers.  Rams  are  frequently  used 
to  hold  the  plates  down  securely.  As  in 
ordinary  shears  and  punches,  a  stop 
motion  is  fitted  to  arrest  the  downward 
movement  of  the  slide  while  a  plate  is 
being  set.  In  some  of  the  heaviest 
machines  the  top  and  bottom  portions 
of  the  frame  are  united  with  large  steel 
bolts  which  receive  the  stress  of  shearing. 
Double  power  gearing  at  each  end,  and  a 
heavy  flywheel  at  each  end  are  necessary. 
The  width  between  the  standards  governs 
the  width  of  plate  which  can  be  passed 
through,  but  a  plate  can  be  sheared  off 
at  any  portion  of  its  length.  Though 
wide  shears  are  used  when  wide  plates 
are  being  regularly  cut,  yet  in  the  average 
shop  narrow  shears  are  more  common, 
and  then  wide  plates  are  sheared  in 
detail,  12  in.  or  18  in.  at  a  time,  the 
plate  being  slid  along  after  each  cut  as 
many  times  as  is  necessary  to  complete 
the  severance  of  the  width. 

A  machine  for  shearing  plates  up  to 

6  ft.  long  by  \  in.  thick  is  illusti'ated  in 
Fig.  145,  Plate  VIII.  The  blade  slide 
is  moved  up  and  down  by  an  eccentric 
.shaft  above,  operating  a  couple  of  con- 
necting rods ;  these  do  not  press  directly 
upon  the  slide,  but  upon  wedges  set  in 
p<K'kets ;  the  wedges  may  be  drawn  out- 
wards simultaneously  by  the  shaft  and 
handles  set  in  front,  so  that  the  blade 
<loes  not  descend  until  the  attendant  is 
ready  to  shear.  The  driving  of  the  eccen- 
tric shaft  is  through  double  spur  gears, 
from  a  belt  pulley,  on  the  shaft  of  which 
two  heavy  flywheels  are  fitted.  The  slide  is 
balanced  by  weights  and  levei-s,  to  remain  at 
the  top  of  its  stroke  normally. 

In  another  design  in  whicli  the  hydraulic 
cylinder  is  above  the  cross  rail,  the  pressure  of 
the  piston  is  transmitted  to  the  shear  slide  by 
means  of  levers  havini;  arms  of  very  une<|ual 
length.     The  lifting  of  a  link  connected  to  the 

VOL.  VIII. 


longer  arms  of  the  levers  thrusts  down  the 
shorter  arms  which  are  connected  with  links 
to  each  end  of  the  shear  slide.  Two  cylinders 
under  constant  pressure  lift  the  slide  after 
a  cut. 

One  of  these  machines  by  Breuer,  Schumacher, 
«fe  Co.  A.G.  is  shown  in  Figs.  146,  147.     Two 


Fig.  144. — Double  Standanl  Hydraulic  Plate  Shears. 
(End  Klevation.) 

hollow  castings  a,  a  form  the  uprights.  Thelx>xed 
base  B  is  built  up  of  plate  and  angle  stiffened 
at  back  and  front  with  massive  castings  forming 
broad  feet.  The  top  cross-rail  c  is  a  casting  to 
which  the  hydraulic  cylinder  i),  the  two  return 
cylinders  e  e,  and  other  attachments  are  bolted. 
F  is  the  upper  blade  holder  which  moves  between 
adjustable  guides  on  the  standards.  The 
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method  of  operation  of  this  blade  holder  is  the      the  arms  of  which  impart  a  powerful  thrust  t( 
principal  feature  of  interest   in   the   machine,      f  through  the  links  K  K.     f  is  connected  to  tb( 


Fig.  146.— Double  Standard  Hydraulic  Lever  Shears,  with  Hydraulic  Plate  Holders.     (Front  Elevation.) 

The  pressure  exerted  by  the  hydraulic  ram  g  return  cylinders  E  E  by  rods,  one  of  which 

is  transmitted  to  the  upper  blade  holder  f  by  seen   broken  at  the  right  of    Fig.   146.    1 

the  two  levers  ii  and  J,  the  relative  lengths  of  handles   m,    n   regulate    the    pressure    of 
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hydraulic  ram.  o  o  are  plate  holders  which 
are  carried  on  a  shaft  p  on  the  cross-rail  c,  the 
plate  holders  being  supported  on  eccentric  pins. 
They  are  actuated  by  a  hand  lever  and  hydraulic 
cylinder  having  a  racked  piston. 

There  is  another  method  of  operating  shears, 
borrowed    from    the  action    of  some    of    the 
massive  plate  benders.     An  hydraulic  cylinder 
is   attached    horizontally   to   the    upper   fixed 
portion  or  cross-rail  of  the  framing,  and  lies 
between  it  and  the  movable  shear  slide  below. 
The  opposed  edges  of  the  framing  and  slide  are 
tapered  at  each  end,  so  forming  wedge-shafietl 
openings  between  the  two,  and  are  steel  faced. 
The  hydraulic  piston  is  connected  to  rollers 
at  each  end  by  means  of  side  rods,  which 
rollers  move  in  the  wedge-shaped  openings. 
The  movement  of  the  piston  therefore  in 
one  direction  pushes  the  slide  downwards, 
with    the   advantage    of    roller   friction. 
The  blade  is  lifted  by  a  small  cylinder, 
or  two  cylinders,  in  the  largest  shears,  on 
the  top  of  the  cross-rail.     The  piston  or 
pistons  being  under  constant  pressure  lift 
the  shear  blade  up  at  a  more  rapid  rate 
than  that  of  the  cutting  stroke. 

Figs.  148,  149  illustrate  a  machine  of 
this  design  by  Breuer,  Schumacher,  &  Co. 
A.G.  Here  a  a  are  two  end  standards 
which  are  hollow  boxed  castings,  and 
which  are  bolted  to  a  broad  bed-plate  b. 
c  is  a  casting  bolted  also  on  the  base  b, 
and  which  carries  the  lower  shear  blade 
D,  bolted  to  a  holder  e,  having  adjustment 
on  c  by  means  of  the  screws  f,  provided 
with  lock-nuts,  o  is  the  cross-rail  or 
traverse  member  of  the  machine  bolted 
to  the  upper  portions  of  the  uprights  A  A. 
H  is  the  sliding  blade  holder  which  moves 
in  planed  vee  guides  on  the  faces  of  a  a, 
and  carries  the  upper  shear  blade  J. 
Both  G  and  u  have  inclined  faces  in 
opposition  to  each  other,  steel  faced,  be- 
tween which  the  pairs  of  rollers  K  on 
the  two  bars  l  are  moved  by  the  action 
of  the  hydraulic  cylinder  m.  As  these 
rollers  are  moved  from  left  to  right 
the  long  blade  holder  h  is  forced  downwards 
powerfully  by  pressure  at  each  end.  x  N  are 
the   return  stroke  cylinders  which   are  under 


constant  pressure,  so   that  after  each  stroke 
they  bring  the  rollers  and  upper  blade  holder 


Fig.  147. — Hydraulic  Lever  Shears.     (Side  Elevation.) 


back  to  their  original  position  in  readiness  for 
the  next  stroke.  The  drawback  movement  is 
eflfected  much  more  rapidly  than  the  shearing 
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stroke,     o  is  the  lever  operating  the  hand  valve      and  lengths  from  1250  mm.  (4  ft.  \\  in.)  to 

gear,   and    the   various    pipe    connections    are      2300  mm.  (7  ft.  6 J  in.). 

shown.     The   cylinders   are   of  cast  steel,  the  In  another  design  the  hydraulic  piston  is 


Fig.  148.— Hydraulic  Plate  Shears,  with  Wedge  and  Roller  Gearing.     (Front  Elevation.) 

valves,    *fec.,    of   bronze.      These   machines   are  arranged  as  an  extension  of  a  steam  piston  rod, 

manufactured  in  five  sizes  to  take  plates  from  being    actuated    directly   by   the    latter.    The 

5  mm.  (y\  in.)  to  40  mm.  (j\  in.)  in  thickness,  pressure    is  transmitted   through    a  pipe  to  » 
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piston  above  the  top  shear.  The  shear  is  lifted 
fcy  a  small  steam  cylinder  under  constant 
pressure. 

The  framings  in  these  machines  are  of  a 
composite  character.  The  base  and  the  cross- 
xail  are  box  girders,  the  standards  of  cast  iron. 
The  deep  webs  of  the  girdei-s  are  stiftetied  with 
^blocks  of  cast  iron  bolted  down  the  sides* 

Built-up  framings  of  steel  plate  and  angles 
are   also  used   exclusiveU^  in  the  machines  of 
Henry  Pels  k  Co.     In  the  illusti-ationa,  Figs. 
150y  151,  the  excellent  disposition  of  material 
ie  noticeable,  while  the 
weight  is  far  less  than 
m  machines  with  cast- 
iron  framings. 

Numerous  forms  of 
shearing  machines  are 
made  for  special  pur- 
poses, as  for  bai^,  blooms, 
billets,  sheets,  strips, 
angles  and  tees,  joists 
and  channels,  each  of 
which  entails  modifica- 
tions in  dimensions,  and 
in  some  cases  in  shapes 
of  the  shear  blades. 

Pels*  machine  for  rolled 
steel  sections  severs  these 
more  rapidly  than  cold 
sawing  does.  Though  the 
ends  are  not  so  smooth 
as  when  sawn,  they  are 
suflSciently  accurate  for 
much  bridge  and  girder 
work.  One  of  these  is 
shown  in  Fig.  150. 

A  horizontal  shaft 
which  may  be  belt  or 
motor  driven  (belt  in 
this  case)  has  a  massive 
flywheel  a  to  equalise 
the  speed.  This  shaft 
through  a  connecting 
rod,  B,  imparts  an  oscil- 
lating movement  to  a  lever  at  one  side.  A 
pawl  on  the  inside  of  the  lever  drives  a  ratchet 
wheel  at  the  fulcrum  end  of  the  lever,  and 
which  drives  a  shaft  in  a  step  by  step  motion 
to  which  it  is  attached.     An  eccentric  on  this 


shaft  works  inside  a  massive  forging,  c,  which 
projects  to  the  front  of  the  machine  and 
carries  the  cutting  tool  d.  A  large  ratchet 
wheel  attached  to  the  eccentric  shaft,  and  a 
pawl  on  the  framing  prevent  the  shaft  from 


Fig.  149.— Plate  Shears.     (End  Elevation.) 


returning  on  the  return  stroke  of  the  driving 
ratchet. 

The  tool  D  used  for  shearing  is  a  plate  of  about 
\\  in.  thick,  of  rudely  triangular  form  truncated 
at  the  lower  face.     Its  action  is  rather  peculiar, 
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not  being  directly  detrusive  but  compounded  of 
horizontal  sliding  and  vertical  motions.  The 
cutting  takes  place  in  an  inward  direction. 

A  joist  is  cut  across  half  its  width,  and  then 
turned  over  for  the  other  half  to  be  severed. 
The  ratchet  mechanism  is  put  into  operation 
by  pulling  the  lever  e  down ;  it  goes  back  on 
release,  by  the  action  of  a  spiral  spring.  The 
joist  lies  on  an  anvil  or  bed  p  between  the 
halves  of  which  the  blade  D  passes.  There  is  a 
bar,  G,  adjusted  for  height  by  means  of  a  ratchet 
and  catch,  which  keeps  the  joist  in  place  while 
being    shorn.     The    counterweight    H,    acting 


pulley  A,  and  flywheel,  actuating  the  connecting 
rod  B  and  the  ratchet  lever  c.  This  works  two 
slides  D  and  e,  the  one  to  the  right  for  tees  and 
bars,  the  other  to  the  left  for  angles  and  bars. 
The  blades  for  tees  and  angles  are  screwed  on  at 
the  bottom,  and  sever  the  sections  as  they  rest 
on  supports ;  the  screw  dogs  F  are' adjusted  to 
prevent  the  work  from  tipping*  Bars^  of  round, 
square  or  other  profiles  are  cut  by  sliding  Uades 
at  G  and  H ;  these  blades  have  holes  catthrouj^ 
them  corresponding  to  the  sectiongy  and  they 
slide  in  close  contact  past  plates  in  front,  abo 
with  appropriate  apertures,  so  that  the  bar  is 


„  Ji^tMfu 


Fig.  15Q.— Joist  Shear. 


through  a  rope  and  chain,  pulls  the  cutter 
upwards  after  the  cut.  It  will  be  noticed  that 
the  frame  of  the  machine  is  built  up  of  steel 
plates,  angles,  &c.,  riveted  and  bolted  together. 
This  is  a  special  feature  of  Messrs  Pels'  machines ; 
it  makes  them  lighter  than  cast  iron,  and  not 
so  liable  to  fracture.  Notching  machines  are 
constructed  somewhat  after  the  style  of  the 
joist  shears,  but  with  special  cutters,  and  anvils 
to  suit  the  requirements  of  notching  pieces  out 
of  the  ends  and  sides  of  joists,  channels,  &c. 

Another  handy  machine  is  the  bar,  angle,  and 
tee  bevel  cropper.  Fig.  151.     Here  the  frame, 
also  of  steel  plating,  carries  a  driving  shaft  with 
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shorn  off  neatly  without  bending  or  distetioD. 
The  cutters  and  guides  may,  of  coane^  be 
changed  to  suit  any  other  sections  thi^  w^ 
wanted. 

A  type  of  bar,  angle,  and  tee  crc^peir.  w 
shown  in  Fig.  152,  Plate  IX.,  diflfering  fw© 
Fig.  151  in  shape,  but  having  blades  woitad.in 
a  similar  manner.  The  machine  is  beltdnvw»t 
takes  about  1 2  HP.  and  makes  fifteen  strctopo" 
minute.  The  following  sizes  of  sections  catt  be 
cut,  all  without  changing  blades : — Rouods  up 
to  3 J  in.  Squares  to  3|  in.  Flats  to  6J  in.  by 
21  in.,  and  10  in.  by  1 J  in.  Angles  to  8  in.  by 
8  in.  by  1  in.     Tees  to  8  in.  by  8  in.  by  1  in- 


PLATE    IX, 


fe  152.— Bar,  Axutn^i:,  and  Tkk  Ckoe'I^inci 
Machixe* 


Fig.  153.— Pu\fE-SHEAItINO   MAt'HINK. 


(Henry  Pels  &  Co,) 


(SwAi^  Hunter,  k  Wigliani  RlcliArdjiui)^  Lul.) 
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The  splitting  shear,  Fig.  153,  Plate  IX.,  cuts 
plates  of  unlimited  length  and  width,  up  to 
\  in.  thick,  the  sides  of  the  steel  frame 
being  cut  away  to  allow  the  plate  to  be 
fed  forward  as  it  is  severed.  The  shear 
blade  is  moved  up  and  down  by  a  double 
spur  gear  drive,  actuated  by  a  belt 
pulley  ;  there  is  an  extension  at  the  rear 
to  receive  an  electric  motor,  which  can 
be  then  belted  to  the  pulley,  rendering 
the  machine  self-contained.  The  toothed 
wheels  seen  are,  of  course,  covered  with 
guards  when  the  machine  is  in  use.  The 
shear  blade  makes  twenty  strokes  per 
minute. 

The  alligator  or  crocodile  shears  is  a 
special  form,  differing  fi*om  others  in  the 
hinging  of  the  upper  shear  blade  in 
scissor-like  fashion.  The  lever  on  the 
other  side  of  the  fulcrum  is  oscillated  by 
a  connecting  rod  variously  driven.  The 
machine  is  used  in  the  iron  and  steel 
works  for  cutting  up  scrap,  puddled  bars, 
and  similar  light  duty.  These  may  be 
attached  to  the  large  plate  shears  when 
used  for  cutting  up  the  shearings.  Or 
they  may  be  independent.  In  the  latter 
case  they  are  driven  by  belt  pulleys,  the 
usual  flywheel  being  fitted,  and  the  driv- 
ing is  through  a  pinion  and  wheel.  A 
cam  on  the  shaft  of  the  latter  actuates 
the  top  shear.  Machines  of  this  kind 
are  made  to  shear  up  to  |  in.  thickness. 

Rotary  Shears. — Plates  or  sheets  not 
exceeding  about  \  in.  thickness  can  be 
cut  on  the  rotaiy  shears,  which  are  largely 
employed  for  shect^metal  working.  Two 
revolving  blades,  driven  by  hand  or  by 
power,  are  set  with  their  bevelled  edges 
just  in  contact,  so  that  if  a  sheet  is 
fed  past  them,  it  will  be  severed.  A 
machine,  by  Taylor  ife  Challen,  Ltd.,  for 
cutting  sheets  up  to  {V  i'^-  is  shown  in 
Fig.  154.  The  frame  carries  the  two 
cutter  spindles  a,  b,  at  the  ends  of  which 
the  cutters  c,  D,  4  J  in.  diameter  by  |  in. 
thick  are  bolted.  Sliding  bearings  i^ 
ceive  the  spindle  journals,  so  that  ad- 
justments may  be  effected  by  means  of  screws 
to  suit  different  diameters  of  cutters,  and  this 


necessitates  a  special  mode  of  driving,  from  the 
pulleys  E,  fast  and  loose.     The  lower  spindle  B 


is  driven  dii'ect  from  the  fast  pulley,  but  a  train 
of  spur  gears  (seen  in  the  end  Wew)  conveys  the 
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Fig.  154.— Rotary  Shears. 
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Fig.  155.— Rotary  Shears. 
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motion  to  the  upper  spindle,  so  that  some  little 
vertical  latitude  is  afforded  without  interfer- 
ing with  the  meshing  of  the  gears.  The 
table  F  is  bolted  to  the  four  lugs  provided, 
and  sheets  are  slid  across  it,  guided  by  the 
gauge  strip  g,  which  is  held  down  to  the  table 
by  hooked  bolts,  grip- 
ping the  bevelled  under 
edge. 

The     rotary     cutters  . 

are  also  used  for  cutting  / 

circles,  the  sheet  being 

twirled    upon   a   centre 

pivot    set    at    the    re 

quired  radius.    Tinplate 

works      employ      them 

largely,  for  cutting  out 

blanks     for     stamping. 

Messrs  Taylor<kChallen\s 

type  (also  termed  circle 

or  ring  shears)  is  shown 

in  Fig.  155.    The  pulley 

A  drives  the  two  spindles 

B  and  c  through  crown 

bevel  wheels  which  allow 

of     adjustment     for 

centres,  the  adjustment 

being  effected  by  screws 

sliding     the     bearings ; 

the  top  ones  are  moved 

simultaneously    by    the 

spur     gears     and     the 

hand^wheel  d.    A  clutch 

connected  to  the  pulley 

A    stops  or   starts   the 

machine,  on    operating 

the  treadle  e  ;  the  spring 

F   puts   the   clutch  out 

of  gear  when  the  foot  is 

taken  off.     The  slide  g 

is  adjustable  along  the 

bed  by  hand-wheel  and 

rack  and  pinion,  and  it 

supports  a  bow  n,  giving  clearance  for  circles  of 

large  diameter.     The  plate  is  held  between  the 

two  spindles,  above  and  below,  the  upper  one 

being  forced  down  tightly  by  a  lever  and  cam 

handle.      The  enlarged  details.  Fig.  106,  show 

the  construction  clearly.     The  lower  spindle  .t 

runs  in  a  split  bearing,  adjusted  as  wear  occurs. 


and  in  another  below,  with  a  ball  thrust.  The 
anvil  K  supports  the  plate,  and  the  plunger  L 
of  the  spindle  m  is  forced  down  ;  a  ring  of  balls 
eases  the  friction  of  m  against  the  thrust  stud  n. 
Tlie  details  of  the  cutters,  with  their  bearings, 
slides,  and  adjusting  screws  will  be  e\4dent ;  the 
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Fig.  156.— lk«Uilfl  of  Rotary  Sbeat*. 


cutters  are  3 J  in.  diameter.  The  size  of  circle 
which  will  be  sheared  is  determined  beforehand 
by  obserWng  graduations  on  the  bed,  when 
moving  the  slide  g.  Fig.  1 55. 

Shearing  Tools. — The  t}T)e  is  the  common 
scissors.  At  the  other  extreme  are  the  shear 
blades  used  in  shearing  machines.     Two  blades 
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are  essential  to  any  shears.  A  punch  may  be 
considered  as  a  circular  shear  blade.  In  all,  the 
action  is  partly  detrusive,  partly  cutting.  In 
the  scissors  the  cutting  predominates,  in  the 
shear  blade  the  detrusive  action,  the  angle  of 
the  cutting  edges  being  from  80"  to  85**.  The 
edge  left  by  a  shear  blade  is  rough,  as  though 
the  metal  were  torn  away.     It  is  a  matter  of 


Fig.  157. — Pulley  Grooves. 

indifference  wliether  one  blade  is  fixed,  or  both 
are  movable. 

Shear  Steel. — Bars  of  blister  steel  are 
separated  after  conversion  into  grades,  and 
either  rolled  or  drawn  out  under  the  hammer 
into  bars,  bar  steel.  These  are  cut  up,  piled, 
and  welded,  for  the  production  of  shear  steel. 
The'pile  is  termed  Si/ayotf  and  oxidation  during 
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heating  is  prevented  by  covering  it  with  fir&- 
clay  and  borax,  and  heating  in  a  hollow  fire. 
When  welded  and  drawn  out  the  product  is 
aiivgle  shear  steel.  If  a  more  homogeneous 
quality  is  required  the  bar  is  cut,  doubled  on 
itself,  reheated,  rewelded,  and  rehardened,  and 
is  then  termed  double  shear  steel. 

Steel  intended  for  these  qualities  must  con- 
tain more  carbon  than 
that  intended  for  cast- 
ing, because  the  efiect 
of  fagoting,  reheating, 
and  welding,  notwith- 
standing the  precautions 
taken,  is  to  partially 
decarbonise  the  steel. 
The  shear  heat  or  tem'per 
represents  a  longer 
period  of  carbonisation 
than  the  first  or  spring 
temper  does,  and  the 
double  shear  heal  a  still 
longer  one.  It  has  a  more 
uniform  texture  than  the 
crude  blister  steel,  and 
is  suitable  for  cutlery, 
mandrels,  and  spindles. 
Sheave.— The  body 
of  an  eccentric,  as  dis 
tinguished  from  its  en- 
circling strap.  Also  a 
sheave  pulley. 

Sheave    Pulley, 

Wheel,    or    Sheave 

simply.  —  A    pulley 

grooved  to  receive  chain 

or  rope.    The  latter  have 

been  dealt  with  under 

Rope    Driving,  and 

Ropes.      The   present 

article  relates  to  those 

used  for  chains. 

Sheiive  pulleys  for  chains  are  made  in  several 

different  types  shown  in  Fig.  1.57.     The  fi**^^' 

A,  is  of  a  plain  curve  in  which  the  links  h^ 

diagonally.      The   two   objections   to  this  «r^ 

that  the  chain  is  very  liable  to  become  twisted, 

which  is  an  evil  to  be  avoided,  and  that  the 

flanges   are   apt  to   become   fractured  by  the 

surging  of  the  chain,  or  of  accidental  running 
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up  to  the   hook.     It   is   more   suitable   for  a 
guide  chain  than  for  hoisting  tackle. 

Fig.  157,  B,  is  the  most  common  type,  and  it 
has  the  advantage  of  preventing  the  chain  from 
twisting,  the  alternate  links  lying  flatwise  and 
edgewise.  The  only  objection  to  it  is  the 
risk  of  the  flanges  becoming  broken  by  the 
surging  of  the  chain  and  hook.  They  will  also 
fractui*e  if  the  chain  links  make  a  tight  fit 
edgeways.     But  with  due  care  in  working,  and 


in  its  recess,  is  in  many  classes  of  work  prefer- 
able to  the  others.  It  is  so  when  the  pulleys 
have  to  be  of  small  size,  because  small  smooth 
grooved  pulleys  distress  the  chains  severely. 
The  recesses  ai-e  essential  when  a  chain  is  used 
as  a  transmitter  of  motion,  as  in  derricking 
jibs,  and  racking.  The  disadvantage  is  that 
links  will  elongate  in  time  due  to  the  strains 
incidental  to  wear,  and  then  they  may  override 
the  recesses.     The  evil   may  be  minimised  by 


Fig.  l.")8.— Large  Sheave  Pulley,  with  Wrought-Iron  Amis. 


by  making  the  flanges  moderately  thick,  they 
can  bo  relied  on.  In  cranes  doing  heavy  work, 
in  stone  quarries  particularly,  the  shape  shown 
in  c  is  often  adopted,  and  it  is  as  good  as 
the  previous  design  when  the  chain  is  of  no 
great  length.  The  oth<T  type  has,  however,  an 
advantage  over  it  in  the  fact  that  the  chain  is 
not  liable  to  get  out  of  the  groove  in  con- 
sequence of  surging. 

The  type  in  Fig.  157,  d,  in  which  each  link  lies 


making  the  recesses  longer  than  the  links, 
but  even  then  overi-iding  will  develop  if  the 
pulleys  are  of  large  diameter,  receiving  a  con- 
siderable number  of  links.  In  small  pulleys 
no  such  trouble  need  occur.  Common  chain, 
pitch  chain,  and  wire  rope  are  used  for  racking 
Jennys  along  gantries.  The  first  is  cheap,  the 
second  expensive  but  reliable,  the  third  is 
probably  the  best. 

The  minimum   diameter  of   a  plain  sheave 
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should  not  be  less  than  thirty  times  the  diameter 
of  the  bar  from  which  the  links  are  made. 
But  if  the  nhtrnve  is  reees^jed  to  receive  each 
individual  Hnk,  then  there  in  no  limit  to  the 
reduction   which    may   Ije    made   in    its  sisse, 


Pig.  150.— Pulley  ratlcms. 

svuse   efu'h  link   baji  w  flat    liedding  and    is 
5tihje<3t  to  no  lieriding  acticm. 

Another  fonn  i*f  Mheavc  is  the  wnr*^  irh^ei^  E, 
Tn  ihift  the  grcxive  of  the  rim  take«»  a  siinuoijs 
coui^se  latemlly*  not  at  the  j»eripherv%  hut  on 
tlm  sitlt*!^  and  lK>ttoni,  im>  giving  an  excellent 
Inte  on  chain  or  rot^ie. 


There  ia  another  form  of  shenv*^  ittrd  Un 
r4ipe.s  and  Hmall  chaitis.  Thi*  gnj«ive  i»  a|i^»ft>ii 
mately  vee'd  in  setrtion,  F,  and  nib«  are  c^*X  At 
iutervalft  to  aid  the  bite  of  thr  chain.  TIji-w 
vee'd  sheave  wheels  usctl  fur  the  roj*e*  ami 
chains  on  overhead  travel  lei's  worked  fnm 
Ijelow  are  made  of  cast  iron,  usually  with 
wrought'iron  arms  east  into  the  rini,  and  im** 
the  1k*ss*  They  art*  always  very  fepider-fiki' 
in  character,  as  the  work  imjKified  upon  thin 
is  very  slight,  anrl  it  ih  desiralile  nerer  !t» 
unduly  increase  the  deml  load  of  a  enih. 
Whoeb  for  ropes  have  smtKJth  vee^,  hut  thiMf* 
for  chains  musit  have  the  sntaU  nilji*  menii£iii«l 
cast  at  short  intej-vals.  The  fricttou  uf  the 
rofie  will  hold  in  a  smooth  vee,  but  a  chmi 
would  ahp  without  nihs  to  hitr  the  links.  Tht 
bite  of  a  I'ope  is  also  increased  by  tlie  use  d 
guide  pulleys,  which  inerea«e  the  arc  of  contiKt 
cif  the  rope,  ii  show^a  the  section  of  a  wirr*  T*ip^ 
pulley,  and  n  one  titttHl  with  a  wuodejs  bedding 
for  the  wilt',  to  avoid  chating  and  wi^jinnz  it 
unduly. 

Flat  wire  rope  i^uiren  a  flat  injitT<*irM^i 
sheave,  J,  which  is  smooth,  the  bite  of  the  hnmi 
rope  with  its  arc  of  contact  ensuring  imtmjfli 
hold.     Round  ropes  are  also  used  in  these. 

Manu/ttclure, — »Shea\'e  wheels  aj-e  itiarle  fmni 
pat  terns,  and  cast  in  iron,  steel,  i>r  hrcmtf, 
Eeing  tii^tiallj*  i^q aired  in  Cimstdenible  niujiberi 
they  are  mostly  made  from  full  patt^mi^  bfll 
large  wheels  ar€^  more  often  moulded  in  ouft». 
The  centn?s  ai'e  solid  plated,  or  have  arnM. 
The  arms  are  east,  or  are  of  wrought  imn, 
Fig.  1 58.  Thij*  latter  practice  i»  uHual  in  Ui^ft 
wheels  for  pit  heada,  and  overhea<l  hand  tru%^ 
lers*  The  shrinkage  strains  and  rlnkn  of  larpe 
caHt-iron  arms  are  thui*  av*ndt:^l.  Huilt-tjt^ 
wheels  are  unusual. 

The  small  pulley  patterns  an*  usually  tiivi<i«i 
thi^ugh  the  centi*t*.  Fig.  1 59,  A,  »^how«  a  i!a«itiiigi 
and  B  its  pattern,  the  hahi';!  bring  either  ehoekrtl 
or  iluwelled  together*  Tlie  Italf  thkkii«*ii5ii»  «l 
the  centi-al  platetl  purtiona  are  made  with  opea 
joint*^,  anei  the  rims  built  on  thi'^e  in  9f»giii6iita. 
(>nty  in  tbp^  largr  patterns  iit  tl  mmaJ  U%  bttOd 
the  centre  up  with  aef^enla  .S^aH^tlioai  tte 
centre  is  built  up,  or  maife  ^l"  '        ^*n 

joint^^  and  the  top  pt>rtif*n  ol  L  <i 

into  It,  Fig,  159|  c.     The  objf«tiou  tn  Um  if 
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\  looj^  rim  laek^  suppc^rt,  and  is  liable 
'e  dam%re.  The  lx»^se>*  are  fitted  loos^ely 
idSj  to  permit  of  changing  theiii,  and 
iflFerent  siisea  on  the  name  pattern  rim* 

a  metal  pattern,  with  wooden  hoiises, 
ngeiible, 

.  a  sheave  pattern  is  fitted  with  arm^s, 
0,  the  Jatter  are  also 
lade  in  halves^  or  in  an 
thieknesSf  with  cor  res- 
differences  in  the  fitting 
m.     The  ^v\\\^  are  lrjicke<l 

at  the  centre,  similarly 
arms  of  toothed  wheels. 
5  weak  about  the  centre, 

fitting  of  the  boss  and 
ical  arms  stiffens  theiii. 
onBiderable  numbers  are 

off  these  patterns  they 
.arally  made  in  metal, 
on.  Of  bra^^ 

i  wrougbt^iron  amis  are 
the  rim,  with  \%^  bosse% 
central  boss  have  ntther 
Lnts  fitted   of   the   same 
r  as  the  arniB.     Usually 
\  are  strutted  to  impart  rigidity  as  in 
5*     Tlie    b<:isse.s   and    prints  must  then 
he  disposition  of   the   arius.     A   small 
pattern  would  have  its  piints  continuous 
ss<Lto  rtm,  so  connecting  the  two,  but 
les    have    tlie    two    meml:>ers   distinct 
Bts  of  say  about  3  in*  long  only*     Then 
Oder  centres  and  sets  the   bi:»ss  mould 
urement. 
I  a  rim  i«  made  in  cores,  two  boxes  are 

for  the  internal  and  external  portions 
s^ely,  and  the  cores  ar^  deepeneii  at  the 

the  rim  to  form  a  joint  there.  They 
on  a  level  sand  Ije^l  to  a  circle  struck 
Made  in  this  way,  WTOUght-ii*on  arms 
L  Fig,  161  shows  a  section  througb 
h  cores  and  a  wrcmght  iron  arm*  a 
iter  coi'e  which  form.^  the  recess,  b  the 
re  which  forms  the  uutsiile  of  the  rini 
arti^Ujsses.  Rods  will  Ix^  noticetl  which 
the  sand,  and  the  m*iss  of  ashes  in  the 
f  A  which  receives  the  vents. 
m  rims  ar^e  turned  to  their  sectional 
J  the  aid  of  templets  working  from  the 


joint  faces,  and  the  back  of  plate  *ir  arms. 
When  recesses  are  made  for  links  to  ditip  into, 
these  are  cut  with  gouge  and  chisiel,  and  an 
actual  link  is  fitted  in  them.  Much  care  has 
to  be  exercised  in  pitching  round,  and  clearance 
must  be  gi'ren.  A  length  of  several  feet  of 
chai?)  should  be  taken,  and  the  pitch  of  links 


Fig.  IfiO.— Piillt-y  Pattern,  with  Armi. 

averaged,  as  single  links  vary  in  length.  A 
chain  stretches  with  use,  so  that  if  titteil  when 
new  it  d(3es  not  fit  afterwards.  It  is,  therefure, 
well  to  make  a  little  alh>wance  for  sti*etch  in 
pitching  round. 

All  sheave^s  require  twu  mould  joints  and  a 
middle.  Fig.  162,  with  the  exception  of  those 
which  are  cored  in  the  rima*     It  does  not  follow 


B 


i1®|i^i 

'^^i 

-'^^(^f^ 

Fig.  151. — 8tctititi  through  Rim  Cores, 

that  a  mid  tile  part  box  is  neccssiiry*  since  a 
sloping  joint  is  often  made,  and  the  middle 
sand  lifted  away  on  a  ring  if  small,  or  on  a 
grid  if  large.     Large  moulds  have  a  middle  p?trt 
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box.  The  sand  which  projects  within  the  rim 
is  supported  mth  nails  or  small  rods  laid  in 
radially. 

There  is  not  much  advantage  in  building 
up  rims  solidly  and  coring  out  the  space  as 
in  Fig.  163.     The  only  advantage  is  that  of 


Fig.  162. — Section  through  Mould  of  Sheave. 

greater  rigidity  than  recessed  rims  possess. 
Against  this  must  be  set  the  extra  cost  of 
cores.  Cores  are  useful  when  the  object  is  to 
'  save  the  expense  of  a  full  pattern,  but  they  are 
not  economical  for  standard  work  to  be  con- 
tinually repeated. 

When  wrought-iron  arms  are  cast  in  rim  and 
boss,  their  ends  are  hatched  over  by  the  smith 
to  assist  their  retention  by  the  metal.  They 
are  warmed  before  insertion,  and  coated  with 
coal  tar,  or  blackening,  or  oil.  The  ends  are 
cast  in  the  rims  first,  and  after  the  rim  has 
finished  shrinking  the  boss  is  cast  round  the 
other  ends.  If  this  precaution  were  not  taken 
the  rim  would  become  distorted  or  break. 

For  the  best  work  the  rims  of  plain  sheaves 
are  turned  smoothly  to  lessen  the  wear  of  the 
chain. 

Sheer  Leg^S. — A  type  of  hoisting  machine 
developed  from  the  tripod  arrangements  of 
timbers  erected  for  temporary  service  out  of 
doors.  Three  legs  are  secured  at  the  tops  by  a 
bolt  passing  through  the  three,  and  being  spread 
at  the  bottom,  they  are  prevented  from  slipping 
by  spikes  in  the  ends  pushed  into  the  ground. 
A  set  of  pulley  blocks  is  suspended  from  the 
apex  for  hoisting  and  lowering  the  load. 

Permanent  sheer  legs  are  used  in  running 
sheds  and  repairing  shops  for  hoisting  loco- 
motives or  wagons  by  one  end  for  the  examina- 
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tion  of  axle  boxes,  of  axles  and  wheels,  and 
repairs  or  renewals,  as  well  as  for  similar  pur- 
poses, in  cases  where  the  work  can  be  ran  under- 
neath the  legs.  There  are  two  forms  of  these. 
In  one  the  legs  are  spaced  about  equidistantly, 
and  a  crab  is  located  at  a  little  distance  away 
for  the  work  of  hoisting;  the  chain  or  rope 
passing  thence  over  pulley  blocks  suspended 
from  the  apex  for  heavy  loads,  or  over  a  plain 
pulley  for  light  lifts.  In  the  other,  two  of 
the  legs  are  brought  sufficiently  close  to  one 
another  to  receive  the  hoisting  gear  carried  in 
cheeks  bolted  to  the  legs.  In  this  design  the 
legs  do  not  meet  in  an  apex,  but  the  two  ad- 
jacent legs  are  connected  to  the  single  leg  by  a 
horizontal  beam,  whence  the  tackle  is  suspended. 

In  these  the  legs  are  made  of  timber  or  of 
rolled  steel  sections.  If  in  timber,  shoes  are 
cast  to  receive  the  ends.  In  steel,  feet  are 
riveted  on  with  angles.  The  lower  ends  are 
sunk  2  or  3  feet  into  the  ground.  Loads 
of  from  1  to  15  tons 
are  lifted  by  sheers  of 
these  types. 

Masting  Sheers, — 
These  are  very  powerful, 
designed  specially  for 
lifting  masts,  boilers, 
engines,  and  machinery 
into  vessels  after 
launching.  The  two 
front  legs  are  hinged, 
and  reach  over  the  vessel, 
being  adjustable  for 
i*adius  by  a  single  hinder 
leg  or  rigid  guy  which 
is  moved  outwards  or  in- 
wards by  a  large  squai*e- 
threaded  screw  turned 
by  steam  engines, 
hydraulic  rams,  or  elec- 
tric motor.  All  the 
power  mechanism  and 
gear  is  carried  on 
framing  enclosed  under  the  cover  of  a  shed  or 
house.  In  steam-driven  sheers,  the  crab  fitted 
with  link  reversing  gear  actuates  a  lifting  drum 
for  the  loiid.  In  large  legs  there  are  two  drums, 
one  for  maximum  loads  at  slow  lifts,  another 
for  light  loads  at  rapid  lifts.     Drums  are  pro- 


Fig.  163.— Solid  Pattern 
Rim. 
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\*ided  for  coiling  the  guy  ropes  for  regulating 
the  radius  of  the  masts. 

The  great  objection  to  sheer  legs  in  shipyards 
is  the  want  of  slewing  capacity,  and  the  narrow 
limits  of  radial  reach.     To  some  extent,  there- 


plates,  bent  into  a  tubular  form,  turned  on  the 
ends,  butted  closely  and  riveted  with  circular 
butt  straps.  The  holes  for  the  rivets  are 
drilled.  This,  'with  the  cambered  form  combines 
lightness    of    structure    with    great    strength. 


fore,  their  place  ha^i  been  usurped  by  derrick 
cmnea.  But  in  recent  years  the  giant,  or  ship- 
yard cranes  have  lai^ely  diisplaced  both.  In 
these  the  tall  maf^t,  the  long  cantilever  arm,  and 
the  travelling  jeony,  are  vastly  more  handy 
and  niubile  than  either  the  sheer  leg»,  or 
derricks.    *S>f  Shipyard  Cranes. 

Figs.  16-1  and  U>5  illustrate  a  set  of  100  tonw 
masting  sheers  by  MesiSrs  Cowans^  Sheldon,  h 
Co.,  Ltd.  They  are  repi'esentative  of  the 
general  type  in  which  these  sheeri^  are  built 
by  this  firm  for  %'arioiia  purposes?,  up  to  150 
tonn,  and  actuated  by  steam  as  in  the  ex- 
ample, or  by  hydraulic,  or  electric  power, 
Tlie  following  are  the  principal  elements  of 
the  sheei^- 

Thc  sheers  or  front  legs  A,  a  are  pivoted  at 
a,  fl,  and  are  connected  at  their  upper  ends  to  the 
back  leg  or  guy  n.  Tlie  luwer  end  of  the  guy 
\A  traversed  horizontally  by  a  iioi'i^^intal  screw 
working  in  a  gun-metal  nut.  The  centre  of  the 
screw  is  at  ft,  and  the  range  of  nut  is  given  on 
the  drawing,  62  ft.  10  in.  The  weight  of  the 
screw  is  supported  by  tumblers  at  c,  c,  c. 

The  three  legs  are  built  similarly  of   steel 


The  back  leg  has  a  ladder  fitted,  by  which  a 
man  gets  up  to  oil  the  top  pin  and  shackles. 
The  power  for  the  horizontal  adjustments  of 
the  legs  is   provided   by  the   pair   of   engines 
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indicated  in  end  view  at  c.  Separate  engines 
are  used  for  hoisting,  but  the  scale  is  too  small 
to  show  them. 

The  main  or  heavy  hoisting  is  done  with  a 
pair  of  drums  located  at  D.  On  these  are 
wound  two  steel  wire  ropes  E,  5^  in.  in 
circumference,  and   1,090  ft.  long,  which  pass 


Fig.  165.—  lOO-Tons  Masting  Sheers. 

round  top  pulleys  f  to  the  snatch  blocks  g 
below,  with  four  falls  of  rope,  the  ropes  being 
anchored  to  the  snatch  blocks  through  which 
the  pins  of  the  pulleys  f  pass.  For  lifting  light 
loads,  a  separate  drum  h  is  provided,  taking  a 
single  wire  rope  e,  5 J  in.  in  circumference  and 
i380  ft.  long.  This  passes  round  the  top  pulley 
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K  and  the  snatch  l  with  two  falls,  being  anchored 
to  the  block  above.  In  order  to  avoid  having 
to  traverse  the  sheer  legs  by  the  screw  when 
handling  light  lifts,  a  small  winch  m  is  proTided 
with  a  rope  N,  3J  in.  in  circumference  and  200 
ft.  long,  attached  at  the  other  end  to  the  blocks 
G.  Brakes  are  provided  for  the  drums  and 
also  for  the  horizontal  screw. 

The  enormous  foundation  required  to  ensure 
the  stability  of  such  a  crane  with  100  tons 
suspended  at  maxinmm  radius  of  60  ft.  is  well 
shown  by  the  drawing,  and  the  large  number  of 
hold-down  bolts  to  the  screw  girders  and  the 
winches. 

Sheers  are  also  put  on  board  a  boat,  for  con- 
venience of  movement  about  docks  and  basins, 
hence  termed  ^a^iniy  sheet's. 

Sheet  Brass. — TJsed  for  many  purposes,  as 
for  vessels  of  various  kinds,  and  for  coverings 
of  domes,  for  bands  encircling  lagging,  «kc. 

Sheet  Copper. — This  is  used  for  various 
vessels  in  some  departments  of  engineering, 
marine,  and  brewers  chiefly.  It  is  either 
practically  pure,  or  alloyed  in  the  cheaper 
sheets  with  zinc.  Muntz  metal  is  composed  of 
about  40  zinc  to  60  of  copper. 

Sheet  Gauge,  or  Sheet  Metal  Gauge- 
Formerly  sheets  were  ordered  indifferently  by 
an  old  sheet  gauge,  or  of  the  Birmingham  Wire 
Gauge,  between  the  same  numbers  of  which 
little  difference  existed.  When  the  new  Im- 
perial Standard  Wire  Gauge  was  legalised  in 
1883,  it  was  ordered  to  apply  to  sheets  also. 
This  decision,  which  would  if  carried  out  have 
caused  much  confusion  among  manufacturers 
and  workmen,  was  successfully  appealed  against 
by  the  South  Staffordshire  Ironmasters*  Associa- 
tion. But  to  standardise  as  much  as  possible, 
a  new  gauge  was  built  up  which  differed  but 
slightly  from  the  old.  The  highest  and  lowest 
numbers  were  taken,  and  the  intermediate 
numbers  were  varied  by  about  11  per  cent, 
difference  in  thickness.  This  was  issued  in 
March  1884  for  the  use  of  sheet  and  hoop  iron 
makers.  The  numbers  run  from  3**  to  40,  and 
range  from  ^  in.  in  thickness  to  0*00386  in. 
Though  the  weights  are  given  corresponding 
with  tlie  whole  range  of  thicknesses,  the  sheets 
are  not  sold  by  weight  as  are  those  of  lead  and 
zinc. 
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Gauge  (B.G.). 

Mwi^h  1884,  h^  iht  South  Stafm-difhire  Irm- 
iMf  4Modctllofi»/^  fA«  liM  ofSh^^t  and  Hoop 
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t — The  weight  iti  etcel  caji  be  fournl  by  adding 
]  2  jH?r  cent,,  or  ^\  to  the  weight  in  iron. 

eet  Lead.^ — ^This  is  used  for  taiika  for 
lBal%  aiir)  for  aeoumulators;  and  by  ptttterti- 
fB  for  lining  up  portions  of  patterns,  both 
)od  ami  nietalf  when  tho  thickness  to  be 
I  is  too  little  for  the  fitting  of  wo<)d.  It 
^oyed  thus  to  e^ect  Blight  alterations  in 

lOL,  VHl. 


existing  patterns,  and  sn  save  the  etist  of  new 
onesj  and  it  is  used  for  giving  ttxiling  allowances 
on  old  or  broken  eastings  w*bich  have  to  be 
moulded  from  to  save  the  cost  of  patterns  for 
the  same. 

Sheet  lead  is  sold  by  weii^ht,  which  rang^ 
frnni  1  lb*  to  12  lb.  per  superficial  foot. 

Sheet  Metals. — These  include  nearly  all 
metalsj  and  a  larger  number  of  alloyn  in  their 
various?  i^radeH.  They  include  U-on,  and  steel, 
lead,  5!inc,  the  very  numeraus  copper  alloys, 
and  of  course  the  precious  metals,  gold,  silver, 
platinum,  and  siome  uther^s  which  lie  outside  the 
work  of  the  engineer.  The  property  which 
rendei's  sheet  metals  of  value  is  that  of  malle- 
ability, by  virtue  of  which  sheets  can  be  rolled 
in  the  first  place,  and  subsecjuently  raised,  bent, 
pi^^^sed,  thinned,  and  thickened  loi*ally.  Tena- 
city 18  a  property  of  et^ual  value,  since  without 
this,  sheet  metal  won  Id  fracture  during  the 
mechanical  processes  to  which  it  is  subjected* 
Ductility  and  tenai-ity  ai'e  allied  properties,  but 
the  firat  named  is  that  by  virtue  of  which  a 
material  can  be  draiAii  into  wire.  Neither  of 
the  processes  of  rolling,  drnwlng,  pressing,  or 
raiding,  can  be  carried  out  tu  any  considerable 
amount  without  the  aid  afixuf  letl  by  heating  and 
slow  cooling.  See  Annealing.  Without  an- 
nealing the  cohesion  uf  tlie  particle^s  would  be 
destroyed. 

There  are  other  properties  of  sheet  metals 
which,  though  of  value,  are  1^  so  than  tho^ 
just  named.  Metalhc  lusti^e  is  not  permanent 
in  any  of  those  used  by  engineeiis,  hence  the 
need  of  fit^quent  polishing  in  brass,  copper,  and 
tin  work  J  or  affording  protection  by  lacquering. 
Conductivity,  of  much  value  in  w4i^,  is  also 
of  importance  in  lead  and  nnc  plates,  used  by 
electricians,  S&;  Storage  Batteries*  Fusi- 
bility is  chiefly  of  interest  in  regai^  t*  the 
temperatures  at  which  soldering  or  brazing  may 
be  done.  Specific  gravity  is  chiefly  concerned 
with  the  weights  of  the  slieeti^  by  which  the 
pric^es  are  governed. 

Sheet  Metal  Work. — This  is  carried  out 
in  thc^e  engineers^  shops  which  deal  with  loco- 
motive and  marine  construction,  and  with 
brewers'  utensils.  It  is  done  in  copper,  and  tin 
plate  chieily,  and  to  a  lesser  extent  in  other 
materials,  as  zinc  and  lead.  In  its  entire  scope 
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it  involves  many  subjects,  which  include  geo- 
metrical problems,  and  the  projection  and 
mensuration  of  bodies,  the  properties  of  all 
metals  and  alloys  which  are  rolled  into  sheets, 
the  methods  by  which  the  various  forms  are 
imparted,  as  by  processes  of  flattening,  and 
bending,  raising,  and  stamping,  and  by  spin- 
ning ;  the  methods  of  union  by  riveting,  and 
soldering,  the  forms  of  joints,  and  the  large 
questions  of  machines  employed  in  the  various 
works.  Some  of  these  are  of  less  importance 
than  others  in  the  engineers'  works.  But  as  the 
tendency  has  long  been  to  remove  operations 
from  the  sphere  of  hand  work  to  that  of 
machines,  the  construction  of  the  machines  alone 
gives  employment  to  large  numbers  of  engineer- 
ing works.  Some  of  the  most  important  of 
these  processes  and  machines  are  noticed  under 
their  suitable  heads. 

The  problems  which  the  sheet  metal  worker 
has  to  solve  include  all  those  which  are  covered 
by  the  term  developments.  That  is,  the  envelope 
of  a  body,  however  intricate  its  shape,  can  be 
marked  out  by  geometrical  methods  on  a  plane 
surface.  This  is  not  always  strictly  correct, 
because  there  are  cases  in  which  a  little  exten- 
sion, or  drawing  in  of  the  sheet  metal  at  certain 
localities  may  be  necessary.     This  only  occurs 


in  some  sheets  that  have  to  be  hollowed  or 
drawn,  and  not  in  those  which  have  plane  faco. 
Speaking  generally,  the  development  of  sbeete 
is  done  by  simple  geometrical  problemB,  and  it 
is  not  complicated  as  the  work  of  the  boiler- 
maker  often  is  by  the  thickness  of  the  plates. 
Sheets  are  treated  as  though  they  have  no 
sensible  thickness,  whereas  with  plates  that  are 
bent  it  is  usually  necessary  to  settle  which  aide 
of  a  plate  has  to  come  within  or  without.  There 
is  no  special  difficulty  in  the  work  of  develop- 
ment. It  involves  a  knowledge  of  the  geometiT 
of  all  the  elementary  bodies,  as  prisms,  cylindCTa, 
cones,  spheres,  and  right  and  oblique  figures. 
Then  the  most  intricate  forms  are  found  to  be 
built  up  of  these,  or  portions  of  these,  and  of 
intersections  of  them.  Calculation  is  not  so 
much  employed  as  graphic  methods,  a  consider- 
able number  of  equal  divisions  being  stepped 
round  the  bounding  edges  of  objects,  giving  total 
lengths  and  supplying  points  of  intersection  d 
lines  obtained  elsewhere.  Some  examples  occur 
under  Plating. 

It  is  usual  to  mark  out  the  actual  pattern 
of  an  article  before  taking  account  of  the  joints. 
These  are  added  in  the  form  of  seams  for  lap 
soldered  or  riveted  joints,  or  of  cramped,  oT 
rolled,  or  socketed  joints,  or  for  wired  edges. 
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\&  and  mftchiries  uaetl  in  the  sheet 
tradt^s  include  a  large  nuniber,  many 
lich  are  employed  aJsci  in  the  macbitm  and 
5  shopsj  and  by  the  pipe  fittei-a.  But 
stakes  or  small  anvils,  the  creases, 
pels,  many  of  the  hanuiiers  and  bloekts 
jkre  of  kinds  special  to  sheet  metal  wurk- 
?Tlie  punching  and  shearing  n»achiiies 
iand  the  betiding  rolLs  are  lighter  tlian 
[  waed  b}'  engineers.  The  rotary  shears 
Illy  used  for  sheet  metals.  The  presses 
%  large  group,  and  also  the  closing  and 
ng  machines. 

iCet  Mill. — The  mill  in  which  the  smaller 
^  are  ixilled  for  tin  plates  and  galvanised 
\  The  larger  sheets  used  in  platers^  work 
by  enjjineers  are  rolled  in  snmll  Plate 
5.  The  sheet  mills  are  of  two-high  type. 
oils  measure  from  22  in.  bo  24  in.  diameter, 
\  larger  than  the  older  rolls  which  were 
lor  ii'on  sheets.  Tliuse  used  in  Birmingham 
South  Wales  were  from  18  in.  to  22  in. 
5ter,  and  fj'oui  3  ft.  to  6  ft.  in  length, 
p  bOlets  or  tin  plate  Imrs  are  of  small 
bsions.  BiUets  for  large  sheets  are  about 
L  thick,  tin  plate  bars  are  from  |  in.  to 
thick,  and  from  7  in.  to  9  in,  wide,  and 
Inite  weights  to  roll  sheets  of  various 
Being  small,  two  hillets  or  bars  are 
rolled  simultaneously,  an  exchange  g"in^ 
Sastantly  Ijetween  the  roller  at  the  fitint, 
the  catcher  at  the  back,  one  sheet  being 
IkI  back  over  the  top  w-hile  the  other 
ing  put  lietween  the  rolls  in  front.     This 

f'e  rapid  than  if  the  work  were  done 
versing  mill,  or  in  a  three-high  miil- 
taheets  being  very  thin,  it  is  highly 
tial  that  the  rolls  shall  be  maintained  in 
h  degree  4>f  accuracy*  The  rolls  are  chilled, 
iumed  up  frequently,  usually  once  a  week, 
n  is  sometimeii  done  In  place.  The  bearings 
aade  and  fitted  with  great  care.  Pinions 
tot  employed  foi-  driving,  the  w^eight  of 
pper  mil  on  the  low^er  providing  sufficient 
oual  contact  to  grip  the  sheeta.  Adjust- 
s  fi>r  tljickness  are  made  by  screwing  the 
■oil  down,  and  in  tlie  thinnest  iheets  the 
ging  of  the  housings  is  sufficient  to  allow 
beets  to  pass  thiT>ugh  the  rolls. 
,e  eftect  of  doubling  is  to  cause  the  sheets 


to  become  adherent  tliitjugh  a  film  of  oxide 
wliich  forms.  They  are  therefore  bent  in 
rolls  which  are  pmvided  with  a  guide  which 
causes  the  sheets  to  bend  upwards  and  down- 
wards in  their  passage  t brought  so  loosening 
the  oxitie  and  effecting  their  separation.  After 
liaving  their  edges  shorn,  and  being  annealed^ 
they  are  left  black  for  tinning. 

Anne4iling  is  done  in  lx*xes  of  wi-ought  ii*on 
or  steel  of  large  area  and  depth,  capable  of 
taking  several  tons  of  sheets.  The  covers  are 
luted.  About  twenty-four  hours  are  required  for 
heatings  and  three  or  four  days  for  aubHequent 
cooling. 

Sheet  Piling. — This  iy  u-sed  to  keep  water 
out  of  coffer-dauu^,  and  generally  to  form  a  solid 
wall  to  resiHt  the  pressure  of  water,  behind 
which  excavations  and  coni^tructions  can  be 
carried  on  in  the  dry.  It  may  alst>  enclose 
loose  or  sandy  soih  Sheet  piles  thu8  differ  from 
common  or  bearing  piles  in  not  having  to  sus- 
tain a  superstructure,  and  the  terra  %k€fi  denotes 
their  close  continuous  fitting. 

Sheet  piling  has  until  recent  years  been  con- 
structed of  timber  btdks,  or  half  b^lksi  driven 
edge  tK>  edge  in  as  close  contact  as  possible.  To 
ensure  sucli  contact  the  lower  ends  are  cut  to  a 
single  bevel,  w4iich  produces  a  tendency  of  each 
pile  to  be  drawn  tightly  against  its  fellow. 
Generally  the  abutting  e<lgeH  are  plain^  but 
they  are  sometimes  tonguerl.  Tliey  are  main- 
tained in  line  by  means  ofwalesj  or  fvaling  pte^n^ 
or  nhhtf/les J  which  are  laid  alongside  horiKontaUy, 
and  supportetl  at  intervals  by  gamjej  or  tjuide 
pilm.  Sometiniea  in  dr>'  soil  a  trench  is  dug, 
and  the  piles  are  laid  in  aide  by  side,  and  the 
trench  retilled, 

Ferro-coticrete  is  used  for  sheet  piles.  They 
are  made  by  the  same  methods  as  the  bearing 
piles,  but  the  abutting  edges  have  semicircular 
grooves  into  which  fine  concrete  or  grouting  is 
poured,  joining  the  piles  together  watertighL 
The  slioes  ai*e  wedge  shape<J  as  in  timber  sheet 
piles.  Tlie  Friestedt  piles  are  built  up  of 
channels  and  zed  bars.     Se*i  Piles* 

Sheet  Rubber. — Used  for  electrical  pur- 
poses, and  for  packing  joints.  In  the  latter  case 
it  is  combined  with  canvas,  and  is  then  called 
insertion. 

Sheets,— These  include  all  rolled  plates  of 
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irYin  and  t^teel  wliich  are  V»elow  No.  4  B,W,G.  or 
about  J  in.  thick,  as  distiti^ciiished  from  Plates, 
which  are  over  that  thickness.  There  are  two 
classes  oi  sheets,  those  uf  large  dimensions  used 
for  constructional  work  of  various  kinds,  and 
the  smaller  sheets  employed  foi*  tinning  and 
galvanising. 

Tho  terms  simjlm^  doitble^^  and  ireblm  or 
laUetis^  are  derivefl  from  the  successive  stages 
in  the  rolling  of  slieets*  All  sheets  between 
No.  4  B.W.G.  {0^238  in.)  and  No,  20  B.W.G. 
(0*035  in*)  were  originally  n>lled  singly,  qv  one 
sheet  at  a  time  only.  If  required  thiniier,  the 
sheet  was  doubled  over  lengthwise  on  itself  and 
re-hejited  and  re-ixilled  in  two  thicknesses  down 
to  No.  25  B,  W.G.  (or  0020  in.)  doubles.  Below 
this  thickness  to  27  B.W.G.  the  sheets  were 
again  doublexl  on  themselves,  and  termed  trebles 
or  lattens.  Those  from  27  to  29  B.W.G.  are 
termed  extra  latttiM.  As  two  sheets  are  now 
rolled  at  once  {see  Sheet  Mill),  they  are 
generally  rolled  singly  do^^Ti  to  No.  13  B.W.G. 
Ijefore  they  are  doubled^  and  then  there  are  two 
doubled  sheets  going  tlirough  the  mill  simul- 
taneously. The  doubling  may  be  repeated  again 
lor  very  thin  sheets.  The  rolls  run  at  from 
thirty  to  thirty-five  revolutions  per  minute. 
Annealings  and  I'e-heatings  are  necessary  for 
the  thinner  sheet's.  Finally  the  edges  ai^ 
sheared,  and  the  final  annealing  done.  These 
aiH3  the  black  plates  used  for  tinning.  What 
are  called  hrujhi  cold  rolled  sheets  are  p!*e- 
pared  from  strips,  pickled^  and  annealed,  and 
rolled  in  oil  to  gauge.  They  are  used  for  pens 
and  other  stampings. 

Sheet  Zinc, '-Used  for  various  vessels  and 
tank  Unings  in  engineering*  Weights  are 
given  in  pounds  per  square  foot,  corresponding 
with  thickness  by  the  wire  gauge^  and  as  that 
of  sheets  S  ft.  by  3  ft,  and  of  various  thicknesses. 

Shell- — An  outer  or  principal  casings  as  the 
cylindrical  Ixxly  of  a  steam  boiler,  or  of  a  fire-bt^x, 

Hee  oho  Projectile. 

Shellac. — A  resin  which  exudes  from  the 
puncture  of  certain  East  Indian  trees,  as  the 
Ficus  indica^  by  the  lac  insect,  Cmeue  lacoa. 
The  crude  product  is  afkk  lac,  and  med  lac.  If 
this  is  melted  in  boiling  water,  and  poured 
over  a  cold  surface  the  tliin  orange  shellac  is 
produced* 
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Shellac  Varnish- — SheUae  is  the  bads  of » 

goi.»d  many  varnishes  and  polishes  in  wbicb 
otlier  ingredients  are  included.  Bat  thft 
v&rnisli  of  the  patternmaker  is  made  simply  by 
dissolving  oi*ange  shellac  in  methylated  spirit, 
Wotid  naphtha  may  be  used,  but  it  is  not  so  good 
as  spirit,  Spirits  of  wine  would  be  ein|ilrtyed 
but  that  the  methylated  spirit  is  cheaper. 

The  effect  of  applying  a  coat  of  shellac  varnish 
to  wood  is  to  ix>ughen  up  the  ^rain  as  the  spirit 
evaporates.  This  is  then  I'ubbed  down,  and 
another  application  of  varnish  made,  ti»  bi 
rubbed  down  in  turn.  Two  or  three  coats  are 
required  for  a  pattern.  They  are  applied  irith 
a  brush,  Shellac  varnish  is  also  applietl  to 
metal  patteins.  But  it  does  not  hold  t>u  * 
polished  surface.  On  such  a  surface  rustiag  i* 
msorted  to  if  the  patterns  are  of  iron.  If  of 
pohshetl  gun- metal,  beeswaxing  or  blackleadjD;^ 
is  substituted  for  vai'nishing^  or  nothing  i**  fl«a* 
to  the  surface. 

Shield —.Seff  Tunnel  Shield. 

Shifting  Link— ^SVfl  Link  Motions, 

Shingling, — Tlie  woi*k  of  consolidating  lb** 
puddled  balls  iif  spongy  iron  drawn  fmut  tk* 
puddling  furnaces,  the  result  being  the  hlooiuf 
and  slabs,  which  are  tlien  passed  on  to  tbf 
puddling  rolls.  The  term  dates  Ijack  to  dv? 
period  when  the  hammers  had  not  yet  invacW 
the  province  of  the  crocodile,  or  alls^tor 
squeezers.  In  these  the  bloom  is  rtnlacet^ 
between  an  upper  and  a  loiver  jaw*  The  \mTf 
one  is  fixed,  the  upper  is  pivoted  at  one  entl, 
and  oscillated  at  the  other  by  a  crank.  Tbe 
top  jaw  is  serrated,  and  the  bloom  is  ent<*J*<^l 
at  the  end  farthest  frotn  the  fukinim,  m^ 
thrust  inwards  l^etween  the  jaws,  redurti™* 
taking  place  gradually  as  the  fluid  cituier  i^ 
squeejsed  out,  and  the  metal  compressed-  Th*" 
bloom  when  ready  for  the  puddle  m\h  i* 
termed  a  shimjhd  hfmm^  and  the  workiujui  is  * 
i^himjfler. 

Ship  Building- — The  construction  di'awiji|* 
for  an  ii*on  or  steel  ship  received  from  tl*^ 
designer  are  set  out  to  actual  size  in  the  vm^ 
lijft  by  the  loftman.  They  comprise  thwf 
viewsj  a  sheer  plan  wdiich  shows  all  the  lines  <^ 
length,  atid  height  from  stem  to  st-ern,  a  ha^j 
breadth  plan  which  shows  all  lines  of  Iefi|tb 
and  breaflth  as  they  would  appear  when  vneisri 
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i  imd  a  hfjdif  plan  ar  tud  in^tv  whicli 
\  the  Hn«s  of  breadth  and  height.     These 
ti larked  out  to  at'tual  %\^&  become  a  cheek 
5  draughtsman's  drawings  made  to  ii  small 
This  is  termed /rtiW7«^  the  ship*     Then 
rorking  drawings  of  the  transverse  views 
aa4:le  on  the  scrive  boani^  marked  deeply 
a   Hcriber   point,  and    the   framework    in 
quently  cheeked  by  the  lines  on  this  boarcl. 
body  plan  is  marked  on  the   board   in 
llJo  certain  horiKi^ntal  and  vertical  lines 
'*re   drawn    at    rig) it   angles  with   each 
and  about  2  ft.  a|>art,  and  parallel.     The 
>ntal  lines  are  tei'med  n^^iier  llne^^  and  are 
mtal  sections  of   the  ship.     The  vertical 
ire  set  off  to  right  and  left  if  the  centre 
f  the  vessel,  and  to  the  full  width  of  the 
,     Those  on  the  fore  body  plan  are   the 
lit*«*,  those  on   the  after   body  plan  are 
sil  linm.     The   fore   body   and   the  after 
may  each  he  in  half  view  tmlyi  to  right 
^ft  of  the  centre  line  on  one  scrive  board. 
LH}Q]ptete   viewi^   may   be    drawn    on    two 
e  boards.     Certain  diagonal  lines  are  next 
p,  each   pair  meeting  at  the  centre  line, 
Pbject  of  which  is  to  cut  the  frames  at  right 
Mk     The  intersections  of  the  franias  w^ith 
e   hoiistontal,   vertical,   and  diagtjnal   lines 
d  the  means  by  which  the  shapes  uf   the 
nea  are  obtained.     Ekch  frame  is  numbered^ 
^Kie  distance  of  the  intersections  ivmn  the 
re  lines  are  measured  for  each  frame.     Thns 
3ody  plan  of  the  vessel  is  scribed  out  on  the 
p  board.     It  includes  rise  of  floor,  decks, 
fe  of  floors,  frames,  keelsons,  riband  lines, 
lar  bottimi,  strakes  of  plating,  *tc.     Lilian 
be  sheer  plan  and  the  half   bi-eadth   plan 
I  to  be  laid  down  for  longitudinal  di men- 
land  curves.    Although  these  fh-awings  have 
Btsremely  complicatefJ   appearance,  an  ex- 
meisd  man  is  able  to  trace  out  each  element 
ily  in  the  distinctive  viewa. 
le  basis  of  the  work  is  the  keel,  which  is 
do^vn  fii'st.     There  arc  three  kind?*  of  keels, 
ir,  the  side  1m r,  and  the  flat  plate.    The  bar 
are  the  older  tvfie,     Tlie  bars  are  supplied 
Hgths  of  from  30  ft,  to  60  ft.  and  fitted 
scarfed  and  riveted  joints,  the  length  of 
hmng  equal  to  nine  times  the  thickness  of 
The   side   bar   keel   is   a   plated   form, 


k. 


extending  up  to  the  top  of  the  fl*>or,  the  side 
bars  being  riveted  on  each  face  of  its  lower 
edge.  The  centre  plates  and  side  bars  are 
made  in  as  gretit  lengths  as  are  procumble. 
Tlie  side  bars  make  butt  joints.  Flat  phite 
keels  are  used  now  for  large  vessels,  to  the 
general  exclusion  of  the  older  bar  keels,  A 
centre  plate  usually  receives  the  flat  pltite  which 
forms  the  keel,  the  two  being  united  with  angle 
irons  along  the  inner  edges.  The  keel  plates 
are  usually  doubled  for  a  considerable  w^idth 
amidships.  The  adoption  of  this  design  les5M?n)> 
both  weight  anri  labour. 

The  ribs  w  hich  stand  out  at  I'ight  angles  with 
the  direction  of  the  keel  plates  are  termed  floor 
plates,  because  they  support  the  floor  of  the 
bottom  of  the  ship*  Tliey  abut  against  the 
centre  plates  and  are  attached  with  vertical 
angles,  but  their  connection  is  reinfolx^ed  by 
heel  pieces  which  are  reved  througli  triangular 
liolenS  punched  in  the  centre  plates  to  allow  the 
heel  pieces  to  pass  through.  The  term  Jrame 
relates  to  the  bottom  anglers  of  the  floor  plates, 
reverifefram^  to  the  top  angles.  Over  the  centre 
plate  comes  the  keelson.  It  may  be  formed  of 
plate  and  angle,  or  be  a  Mb  bar  united  to  the 
floor  w-ith  angles. 

Cdhdar  JSoWoww,— These  are  practically 
universal  for  all  large  new*  ships,  combining 
the  advantages  of  water  ballast  with  safety. 
They  differ  in  design,  but  comprise  essentially  a 
series  of  vertical  platess  stiffened!  with  frames 
and  reverse  fnimes,  and  having  manholes  cut 
to  permit  of  examination.  They  extend  from 
the  keel  to  the  margin  plates  against  w^hich  the 
ribs  or  frames  of  the  ship  are  fi ttecL  Intercostal 
plates  are  fitted.  Connection  is  made  by  angles, 
or  by  flanging  the  plates. 

Stem  and  Stern  Posis^^'Them  are  fitted  to 
the  keel  ends.  They  air  made  of  forged  iron, 
mild  steel,  or  steel  castings.  Before  making  the 
stem,  a  model  or  mould  of  it  is  prepared  in 
wwxl  from  the  drawing  in  the  mould  loft,  and 
the  correct  curve  is  maintained  by  fitting  cre^is- 
bai"s.  Various  lines  are  marked  on  it,  as  the 
top  edge  of  the  keel,  if  a  bar  keel,  or  a  flat 
plate  keel  is  used  ;  the  plumb  or  declivity  line 
of  the  vessel,  meaning  that  the  line  is  plumb 
when  the  stem  is  in  its  connect  place,  lines 
showing  the  poaitiou^  of  tire  heels  of  the  bow 
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frames,  and  also  lities  aeross  corrt^ponding  with 
the  positions  of  the  riband  linea.  If  a  bar 
keel  is  used^  a  vertical  scarfed  joint  has  to  be 
made  similar  to  the  keel  joint^j  if  a  Hat  keel,  a 
hori^ntal  acarf  to  fit  the  dished  keel  plate.  If 
the  stem  is  to  be  forged,  it  is  formed  by  bending 
it  on  a  bending  block,  with  holes.  The  shape  is 
marked  on  the  block  fi-om  the  model,  and  the 
bar  heated  in  a  reverberat-ory  furnace.  The 
Kcarf  is  cf^veJ'ed  with  fire-clay  to  prevent  it  fwni 
becoming  overheated,  Tlie  stem  is  withdrawn 
when  at  a  nearly  white  heat,  and  ^secured  by  the 
^scarfed  end  to  the  block  with  dogs.  The  free 
end  m  pulled  round  with  a  winch  chain,  asssisted 
by  levers  in  the  holes.  It  is  seciired  step  by 
step  with  pins  in  the  holes  in  the  bli>ck,  w^ith 
wedges  driven  between  pins  and  the  stem,  and 
witli  dogs,  tlie  hitter  keeping  the  stern  bedded 
flow XI  on  the  block*  The  lines  on  the  block 
serve  an  guides  for  bending  by,  or  a  set- iron  is 
uKcd^  being  bent  to  the  inner  enrve,  and  clamped 
on  the  bli>ck.  The  head  i»f  the  stem  is  usually 
set  in  I  in,  or  more  beyond  its  proper  shape  to 
allow  of  the  springing  out  which  occurs  during 
cooling.  The  work  is  done  when  possible  at  one 
heat,  but  two  may  be  necessary*  After  the 
.stem  has  cooled,  tlie  various  lines  set  oil'  on  the 
model  are  transferretl  to  it,  and  nicked  in  with 
a  chisel. 

The  conneetion  of  the  stem  to  the  keel  is 
a  detail  of  much  importance.  The  method 
varies  witli  the  form  of  the  keel.  A  long 
scarf  is  nsefl  in  any  case,  and  tlie  check,  or 
shouldering  down  of  the  scarf  must  come  niidw/iy 
between  frames.  The  joints  are  united  with 
rivets,  or  with  tap  rivetii  in  the  heaviest  stems. 
The  stem  thus  l>ecomes  practically  a  solid 
continuation  of  the  keel. 

The  stern  post  f>r  stern  fi'ame  forms  the 
connection  to  the  keel  at  the  stern,  which 
corrt'spiinds  with  that  at  the  bow.  It  includes 
in  sf^revv  stcamei'S  tlic  hoss  for  tlie  propeller 
Khaft,  and  the  rudder  piist,  the  first  being  the 
inner  or  body  post,  the  second  the  outer  post. 
They  ai^e  connected  by  the  sole  piece  below, 
and  the  bridge  above.  A  scnrf  is  allowed  for 
Am  an  extension  of  the  sole  piece,  coming  out 
tieyond  the  inner  post  for  union  to  the  keel. 
The  top  uf  the  outer  post  is  extended  to  reach 
either  to  the  transom  floor,  or  the  poop  deck* 
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An  extension  is  often  made  at  the  t'lp  of  tiie 
inner  post  for  additional  seuiirity* 

The  forms  of  stern  posts  are  complicate*!  b/ 
the  pre^nce  of  twin  screws,  whicJi  involve  the 

fitting  of  shaft  brackets  Uy  the  Kt«rn  frames  m 
the  hull.  Only  in  a  few  eases  do  the  shtft 
bnickets  form  an  integral  portion  of  the  ^tem 
frame,  standing  out  to  right  and  left  therefrom 
in  long  arms.  Generally  they  are  carried  at 
the  ends  of  long  arms  or  struts  which  aw 
riveted  to  the  keel,  and  the  shell  plating 
thi"t>ugh  angle  irons,  the  flattened  eriii^  of 
the  stmts  being  the  paium.  These  may  n\m 
be  riveted  directly  without  angle  irons,  and  in 
fact  there  are  sevei-al  w-ays  of  making  tise« 
joints.  To  reinforce  the  shell  plates  whei*  the 
attachment  is  made,  it  is  usual  t^i  fit  a  HiK>f 
plate  or  a  heavy  web  beam  across  tlie  hull  at 
that  locality.  In  some  cases  the  strut-s  are  lujuk 
to  penetrate  the  hull,  where  they  are  attarhed 
to  inside  brackets,  or  are  scnrfefl  t^jgetlfcer. 

Two  moulds  or  models  are  made  for  a  stem 
frame,  one  representing  it  in  elevation,  the 
other  giving  the  section  of  tlie  boes,  Fmm 
this  a  forging  or  a  stael  casting  are  made. 
The  gudgecms  or  lugs  whicli  I'eoeive  the  \mllm 
for  the  rudder  are  foi'ged,  oi^  cast  solidly  mih 
the  outer  post. 

The  Frames.— Tlmoe  are  the  ribs  of  thp  ship. 
They  are  spaced  at  from  20  in,  to  27  in,  ai-conl- 
ing  to  the  size  of  the  vessel.  They  butt  on  ti» 
keel,  and  are  connected  with  deck  beams  ^m 
stringers.  The  sections  rolled  for  fraiwt*  arf 
channels,  angles^  zeds,  and  bulb  Imrs.  Tlie 
bevels  of  the  franies  vary,  and  have  tis  ^ 
marked  offi  or  i^*i^  at  each  riband  line,  and  the 
bevels  are  marked  on  bevel  boards  for  thi?  plater* 
to  set  the  frames  by,  each  line  being  nunibereii. 

The  bottom  frames  are  marked  off  first,  the 
tranaom  frame  is  next  taken,  and  the  st^TC 
frames  up  to  the  cellular  bottom,  Tlif  ^d<* 
frames  are  then  taken,  followed  by  the  Iw* 
frames.  To  set  tlxe  frames  for  the  floors,  tlw? 
aid  of  a  set  irmi  is  empbyed.  This  Is  n  b*r  d 
heavy  section,  bent  to  the  curve  ret^uin-d,  *wi 
held  on  the  bending  slab  witli  dtigs  in  the  h<^^^' 
Tlie  floc»r  ends  are  set  araund  this  after  being 
heated  in  the  furnace,  being  pulled  rouml  ^  * 
winch  and  hamniered,  while  the  straij^ht  po'' 
tion  is  i-etained  against  the  edge  of  the  set-iJ^ 
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witli  pins  and  wedges.  Fi^ames  may  butt 
dii^ectly  on  the  keels,  or,  as  k  the  usual  practice, 
against  the  marffin  fdatea  of  double  bottoms, 
or  tank  bottoms  whicli  eonie  out  from  the 
keel  to  right  and  left  to  meet  the  frames.  The 
plate  work  includeis  punching  the  nvet  holes, 
for  which  there  are  numerous  arrangements, 
varying  with  couditious ;  Ijeing  spaced  from 
about  six  to  eight  diameters  apart.  Marks 
Are  made  on  the  frame^i  corresponding  with  the 
positions  of  deck*)  and  beiini  knees,  shell  land- 
ings, rilmnd  marks,  ^.tc.  The  bevel  of  all  side 
frames  is  obtuse  or  open,  Isecause  tlie  shell 
flanges  in  the  after  \yody  look  forward,  and 
those  in  the  fore  body  look  aft.  This  is  done 
to  facilitate  the  riveting*  Tlie  fnvnies  are 
l*ent  upon  the  mould  plate,  each  frame  being 
checked  when  cold  ijpon  the  scrive  b*mrd,  ami 
paii^  of  fj'ames  right  and  left  chet^ked  for 
fiyinmetry.  Frames  ai*p  stiffened  by  reversed 
angles,  or  reverse*!  frames.  Bevels  ai-e  usually 
imparted  in  a  bevelling  machine,  but  if  done 
by  hand,  a  lever  or  whee:^^  bar  is  used,  which 
is  forked  to  fit  over  a  web  of  the  angle  standing 
up,  the  other  web,  t!ie  under  web  always, 
l>eiiig  doggetl  down  to  the  bending  block. 

Web  frames  ai^  a  form  of  stiffener  to  the  hull 
fttted  over  considerable  lengths  of  a  steamer, 
and  are  fitt-erl  as  compensation  for  the  omission 
of  wide-spaced  hold  beams.  The  web  frame  is 
connecte<l  to  the  shell  frame  angles  by  means 
of  web  plate^t  and  intercostal  plates.  Angles 
fonn  the  means  of  union.  Tliese  web  fifimes 
range  from  14  in,  Ui  18  in,  thmugh,  in  dif- 
fet^iit  vessels.  Deep  fnimes  are  fitted  when 
it  is  desirable  to  dispense  with  wide-spaced 
hold  beams  and  hold  stringers,  the  increased 
depth  lieing  given  to  the  frame  to  enable  the 
frame  girders  to  span  without  assistance  fi*om 
the  bilge  to  the  lowest  complete  tier  of  beams. 

Bemm*  —  Tliese  tie  the  starboard  a!id  poit 
frames  together  and  support  the  decks.  They 
are  supported  at  the  centre  by  pillars,  or  by 
d«*k  girders  supported  in  their  turn  by  pillars 
placed  at  wirlelysjiaced  intervals*  and  in  wide 
vessels  by  cjther  pillars  intermediate — f/iiar(er 
pillars*  The  pillars  reach  from  the  top  of  the 
keelson  to  the  deck,  ami  from  deck  to  deck. 
Beams  are  united  to  the  frames  by  knees, 

Vaiious  shapes  are  used  for  beainsj  varying 


with  the  weight  of  decks  and  the  class  of  vessel. 
Most  beams  are  of  webbed  section,  few  being 
boxed  up,  the  exceptions  being  those  under 
ani^our- plated  decks  and  in  paddle  steamers. 
Common  angles  are  tmly  suitable  for  small 
vessels.  Tees  are  used  only  for  light  shelter 
decking.  Bulb  angles  and  bulb  tees  are  em> 
ployed  very  ejctensively 'j  so  are  channels,  Built^ 
up  for  J  US,  being  expensive,  are  used  le^s.  These 
include  a  tee  bar  with  angles  on  each  side,  a 
plate  and  double  angles  forming  a  joist  section 
with  or  without  plated  fianges,  bulb  bars  or 
bulb  tees  stiffened  with  angles  next  the  bulb. 

What  are  termed  dmg  beams  are  often  used 
for  carrying  the  lifting  gear  over  engine  rooms, 
and  for  vessels  of  wide  Ixsani.  They  are  built 
up  of  plate  and  angle  t*>  a  joist  section.  The 
web  plate  is  made  in  lengths  with  double 
strapped  bu  1 1  j  oin  1*5,  treb]  e  ri  vettnl .  S^m  leti  mea 
the  joints  are  welded.  A  bulb  plate  is  also  used 
with  the  top  and  Ixittom  angles  foi'miiig  Banges, 
so  giving  the  advantage  of  the  bulb  stiffening. 

There  is  a  good  deal  of  smithing  on  some 
beams.  It  involves  cutting  them  to  length,  and 
bevel,  and  cutting,  bending,  and  we li ling  the 
knees,  and  cutting  tlieir  ends  to  tit  frame 
sections,  imparting  the  cumber,  or  romui-up 
lengthwise,  and  punching  for  rivets.  A  beam 
mould  supplies  tlie  lengths,  and  templets  are 
made  for  the  various  details  of  the  work.  The 
various  ways  in  which  the  knees  are  made  are 
as  follows. 

In  a  plain  angle  section  a  portion  t^f  the 
Jlange  near  the  end  is  thinned  down,  and  a  piece 
of  plate  wielded  on  forms  the  knet^  If  a  bulb 
angle  is  used,  a  length  of  the  bulb  is  cut  ofl^ 
and  a  piece  of  bulb  plate  welded  on  to  form  the 
knee.  Or  in  bulb  and  in  channel  beams  a  slit 
is  cut  some  way  along  about  midway  in  the  web, 
and  the  end  bent  to  the  shape  of  the  knee,  and 
the  wide  space  thus  left  is  filled  in  wholly  or 
partly  with  a  crmvn-pifn!*;  welded  in  to  connect 
the  parts  of  the  cut  web.  Or  the  knees  may  lie 
formed  as  separate  plated  biuckets* 

Beams  are  conne^^ted  to  the  frames  with  knees, 
which  vary  in  their  form  with  the  beam  section. 
The  pro^xntions  of  knees,  and  numbers  of  rivets 
are  fixe«l.  Knees  are  of  platt^  form,  welded  to 
the  beam,  or  a  plat^*  form  of  bracket  is  made 
independently,  and  bolted  to  beam  anrl  frame. 
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Or  the  beam  is  bent  downwards  to  a  radiuB  to 
meet  the  frame,  as  in  rounded  poop  or  fore- 
cuttle  decks. 

(Jmrling  Btamn, — These  ai'e  short  beams,  or 
half  beams  which  come  in  the  way  of  hat<;lies^ 
and  it  re  att^iched  to  the  easting  and  hat^b 
coaming  plates*  They  are  made  of  bnlb  teef*, 
and  bulb  bars,  with  angles,  and  are  attached 
with  angles  at  their  ends-  They  are  made  o£ 
Himilar  sections  to  the  ordinary  beams. 

Stringers^  or  Side  Sirifiyertt,  —  These  are 
longitudinal  giiders  which  are  used  to  aswist 
the  vaiious  forms  of  frames  in  supporting  the 
shell  of  the  vessel.  Modern  practice  shows  a 
marked  tendency  to  a  reduction  in  size  and 
number  of  side  HtiingerH  j  it  la  being  realised 
that  owing  to  their  proximity  to  the  vessers 
neutral  axis  tlie}'  are  of  little  %'altie  as  contri- 
butorn  to  longitudinal  utrengtb.  Tt  is  therefoi^e 
customary  to  fit  them  of  a  comparatively  light 
form,  viz,,  an  intercostal  plate  whose  function  is 
to  support  the  shell  plating  between  the  fi-amen!, 
and  a  frame  Imr  ri\'eted  to  the  inner  flange  of 
the  frames  to  prevent  the  latter  tripping, 

Hold  iSirlnge-rtt, — These  are  longitudinal  plate 
girders  used  in  conjunction  with  wide-spaced 
hold  lieams  or  web  frames  to  support  the  shell 
plating  and  give  both  longitudinal  and  trans- 
verse strength  ;  they  are  connected  to  the  wehs 
with  knees  and  angles  and  diamond -shaped 
covering  plates.  Bracket  plates  are  fitted 
under  these  stringers  between  tho  hold  beams 
or  web  fr&mea  to  support  them  and  keep  them 
up  to  tbeii*  work. 

A^'eto?*^. — These  are  members  running  longi- 
tudinally <in  the  floors.  They  add  to  the 
longitutliiial  sti-ength  of  the  ship,  and  connect 
and  maintain  the  floors  level.  The  centre 
keelson  over  the  keel  is  the  principal  member. 
Others  ai*e  md^  keelsons,  to  I'ight  and  left,  and 
hil^e  keelsons  neatest  the  sides. 

The  construction  ot  keelsons  varies.  A  keel 
plate  may  extend  upwards  to  form  the  web  of 
the  keelson  plate,  A  foundation  plate  is  fitted 
on  the  Hoovn  to  butt  against  each  side  of  this, 
and  angles  are  nveted  through  the  plates,  and 
floorsj  anrl  thixmgb  the  keelson  web.  Angles 
are  also  riveted  along  the  top  edges  of  the  weh^ 
and  to  another  covering  or  rider  plate.  In  other 
designs  the  keelson  plate  is  notche^i  to  come  down 
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through  the  floora,  when  it  is  riveted  to  inter 
costal  plates.    Bu  lb  Imrs  and  angles  are  also  msenl 

Keelsons  are  made  in  as  long  lengths  m 
possible.  They  are  straight  amidships,  but 
require  setting  fore  and  aft.  Their  fitting  w 
interfered  with  by  the  presence  of  bulk  heads 
bi>iler  seatingSj  li'^c,  Tlie  keelsons  are  poiiied  or 
reved  through  tlie  bulkhead  plates,  but  tl 
have  to  be  cut  short  at  boiler  se^ts, 

Bufkheadi. — Reference  has  lieen  mtide  t^i  tl 
cellular  bottoms  of  ships  which  serve  for  wai 
Ijallast,  but  which  are  primarily  a  means 
safety  in  the  event  of  the  outer  akin  beccuni 
pierced.  The  division  of  the  hull  into  wai 
tight  compartments  by  meiins  of  bulkheads  i** 
another  device  which  conduces  to  .safety,  ^*ol 
only  so,  but  it  is  an  element  of  gt^at  stren^ht 
of  greater  importance  in  view  of  the  immeast? 
size  of  mtjdern  ships.  Without  these,  the  huge 
hulls  would  l>e  unable  U*  withstand  the  stii?9se^ 
of  weather,  but  would  become  distorted  and  per 
baps  ruptured.  The  bulkheads  tie  the  vessels 
sides,  and  maintarin  the  transverse  sections 
intact,  besides  foraiing  a  .series  of  watertight 
compartments.  The  bnlkheafl  platen  themsel 
1>eing  thin,  have  to  be  stiffened  vertically 
transversely  by  means  of  girders,  web  stiffeners, 
and  angle,  or  zed  barn,  not  otdy  to  afford  trans* 
verse  sti-ength,  hut  to  prevent  bulging  of  plati'sii 
an  adjacent  Ivulkhead  becomes  filled  with  wakr, 

Tlie  fitting  and  spacing  of  bulkheads  is  affet'UNi 
by  the  pi"esence  of  engine  roomfi  and  boilers,  m\ 
by  the  position  of  cargo  hatches  in  merchant 
vessels.     The  rules  laiii  down  by  Lloyd's  and 
other  IxxJies  are  minute.     The  objeit  aime<l  *l 
is  to  ,9o  arrange  bulkhejids  that  the  flofiding  d 
one  or  two  comj>artTnents  will   not  causo  tlie 
vessel  to  sink  in  nuKlerate  ^^eiither.    In  connau* 
tion  with  this,  there  is  the  important  quej»tion 
of  fitting  watertight  door^  closeti  at  intei*val% 
with  other  regulations  for  their  efficient  warkmg. 
There  is  a  gixKl  deal  of  lapping  and  riveting 
plates,  of  stiffening  frame  ajigles,  and  caulk 
of  jointfi  in  bulkhead  work. 

Before  the  decks  are  plated  the  beams  hi 
to  be  brought  into  line  or  faired.  The  beaim 
ends  are,  when  fitted,  united  Ijy  two  bolta  only 
thmugb  each  knee  to  allow  for  adjustments. 
These  are  made  by  bolting  one  or  two  ribands 
on  top  of  the  deck  beams,  or  by  i^veting  m 
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luoub  sti^ke  of  upper  deck  plating  t»n  the 
t,  and  bolting  a  lieaiy  iibancl  along  the 
i  Where  openings  ocGur  a  riband  is 
orei*  the  tmrlings. 

\  next  stage  is  to  fair  tip  the  beam.^  and 
gs  with  timber  ssbores.  Tliese  stwit  from 
(ottom  of  the  whip,  and  ai'e  continued 
en  decks  until  the  uppermost  deck  lk 
gti  The  shores  take  a  bearing  on  planks 
^vb.  The  heights  are  measured  by 
Ns,  TJie  t4»p  ends  of  the  beams  mu«t  come 
jie  with  the  top  edges  of  bulkheads.  The 
%  of  the  beams  must  be  plumbe<l  to  the 
md  the  stem  and  stern  posts  plumljed  also 
I  any  deck  plates  are  fitted.  The  shoi^s 
a  in  position  until   the  plating  i.s  clone. 

the  beJims  are  pn;>perly  faii'ed,  the  other 
ui  the  beam  knees  are  drilled  and  rivets 
sd. 

jL  Plating. — This  is  riveted  to  the  tups  of 
1ft mSj  forming  a  rigid  eonneetion  between 
Tlie  plating  of  the  up|>er  decks  is  an 
it  element  iif  longitudinal  strength,  being 
emate  tension   and   compression   as   the 

lies  on  the  crest  of  a  wave,  or  over  the 
^  of  a  wave.  It  is  therefore  in  the  position 
feder  flange,  the  1)ottom  of  the  ve&sel  and 
W^  decks  fulfilling  the  function  of  the 
flange,  while  the  middle  decks  are  on  or 
he  neutral  axis, 
k  plating  is  fitted  in  three  or  four  ways, 

in  and  out,  or  in  clincher  st^de,  or 
nous  with  ?^am  straps  at  the  joints,  the 
being  adopted  when  no  wood  deck  is  laid, 
lek  pkting  stops  short  of  the  side.s,  whene 
s  the  stiinger  plating  which  connects  the 
%  the  beams,  and  is  connected  to  the  shell 
I  by  a  stringer  or  gjimralf  angle  biir  on 
plUiei  deck  only.  At  a  little  ilistance 
bis  bar,  an  angle  iron  in  riveted  on  tiie 
sr  plate  to  form  the  boundary  of  a  ivfxid 
fhen  such  is  fitte<l,  and  the  space  between 
id  the  gunwale  bar  is  the  water w^ay. 

stringer  platen  are   usually  fitted  down 

They  I'ange  from  5  ft.  to  7  ft.  wide* 
b^fis  a^  marked  from  the  deck  beams  on 
Wdtldak  templet  first.  The  plates  are 
,  and  holes  are  marke<l  ft»r  the  butt 
The  laying  down  of  the  plates  pi"oceeds 
ynidships  fore  and  aft,  after  which    the 


tleck  plating  is  taken  in  hand,  with  lap  or  butt 
joints  as  already  mentioned.  It  is  necessary  to 
have  these  plates  peifectly  level,  for  w^hieh  they 
are  put  through  the  flattening  rolls.  The  deck 
plating  proceeds  from  the  stringer  plates  towards 
the  centre.  Tlie  plate  edges  ai-e  pulled  over 
ck^se  to  the  edges  adjacent. 

Tn  lower  decks  of  Hteamships  the  deck  plating 
ha,s  to  be  arrested  at  the  engine  room  bulkhead. 
But  the  stringer  plates  are  carried  right  through 
in  order  to  retain  longitudinal  strength.  Here 
the  stringers  have  to  be  cjirried  on  brackets. 

What  ai'e  termer!  panting  stringers  are  those 
fitted  at  the  bows  of  vessels.  Their  exact  posi- 
tion varies  wdth  the  character  of  the  vessel's 
how^.  Their  object  is  to  impart  stiffness  to  the 
bow.H  when  pitching  in  heAvy  seas.  Puntter^f 
or  beam  girders  arc  rolled  sections  which  are 
riveted  longitudinally  ti>  the  under  sides  of  the 
deck  beams  to  hi  ml  them  together,  Tlie  pillars 
betw^een  decks  are  riveted  to  the  deck  rumiers. 

Scanilimfif, — The  various  governing  bodies 
]^y  dow^n  rules  for  the  building  of  vessels  to  be 
passed  by  their  surveyors.  The  following  are 
some  of  the  leading  rules  of  Lloyd*s. 

The  measurements  taken  a^;;  a  basis  are  the 
length,  breadth,  and  deptii.  The  scantlings 
ai*e  regulated  by  numbers,  which  are  obtained 
differently  in  vessels  of  different  build,  m  one, 
two,  or  three  decked,  spar  decked,  turret 
deck.  Tables  of  dimensions  are  given  to  meet 
all  likely  cases.  Unusual  cases  must  be  sub- 
mitted for  ctaisideration.  These  tables  include 
keels,  stems,  stems,  and  propeller  post^transomS| 
frames,  floor  plates,  reverswnl  angles  on  frames^ 
keelsonjj  of  the  difiei-ent  kinds,  stringeii^,  l>eamSf 
holds,  and  sailing  and  steam  vessels,  pdlars, 
panting  arrangements,  plating,  butt  straps, 
riveting  and  rivets,  bulkheads,  steel  and  wtiod 
decks,  double  bottoms  and  vvater  luilla'st  tanks, 
engine  and  boiler  spaces,  hatchways,  A'c. 

The  photographs,  Figs,  166*171*  give  some 
idea  of  shipbuilding  methods,  the  first  four 
showing  various  \iews  of  the  giant  Cunarders 
Miiiimiania  and  Lumtanla^  the  largest  vessel* 
afloat.  The  fii'st-nametl  vessel  was  built  on 
the  TjTie  by  Messrs  Swan,  Hunter,  k  Wigham- 
Hicliardson,  Lt^L,  the  second  by  Messrs  John 
Brown  it  Co.,  Ltd.,  at  Clydebank. 

Fig,  166,  Plate  IX*,  shows  the  midship  portion 

153 


Shi 


THE    ENCYCLOPAEDIA    OF 


Shi 


of  the  e^^ilular  Wttuit*  t>f  the  Mwiir^iania  in  the 
course  of  riveting,  an  hydnvulic  nveter  l*eirig 
seen  engaged  on  the  keel  plate  in  the  foregit>und. 
The  closed-in  berth  will  be  notit^id,  provideil 
with  jib  ci"ane3  along  the  sides,  and  travelling 
electric  tntnsporteri^  up  under  the  I'oof.  A 
furthei M^tage  is  illustrated  in  Fig.  167,  Plate  X., 
j^howing  the  fore  end  with  f learning  in  place* 
and  the  inner  btittom  partly  plated  over.  Two 
jib  cranes  are  seen  in  use  suspending  rivet«rsj 
the  one  in  fmnt  Ijeing  enga^^ed  in  riveting  up 
the  outer  plating,  A  gcKxl  idea  of  the  ininien.se 
Kize  of  the  vessel  can  be  gained  from  thih*  view. 
Fig,  168^  PlHt-e  X.,  is  a  stem  view  of  the 
Limttmia  during  the  building;  the  eur\ed 
outlines  of  tlie  sides  to  accomnuxlate  the  pix>- 
peller  sihaft^  may  be  noted»  and  also  that  the 
deck  beams  are  in  place.  It  m&y  be  mentioned 
that  in  the  case  of  the  Lttmlunm  tliere  was 
no  closed  in  berth,  hut  hoisting  wa8  done  by 
derricks  alongside,  and  the  riveting  machines 
were  handled  by  portable  jib  ci-anes.  Tlie 
derricks  may  be  ^een  on  Plate  XI L,  Fig,  173,  * 
A  fine  view  of  the  Limiania  is  seen  in 
Fig.  169 J  Plate  XI.,  as  she  appeared  before 
launching.  The  graceful  outlines  of  the  vessel 
are  well  j?hown,  and  the  lines  of  the  plating 
joints  can  be  observed.  The  launching  cradles 
are  placed  to  suppijrt  the  stern  tubes. 

Figs.  170,  171,  Plate  XL,  give  tw^o  interior 
views  of  a  turret  steamer  under  construction 
at  the  hJunderlanti  vanl  of  Messrs  William 
Doxford  k  Hons,  Ltd,  The  construction  diffei's 
from  that  of  a  passenger  vessel,  the  stdea  being 
carried  inwards  at  the  upper  part,  and  as  much 
space  as  possible  left  in  the  interitu'  of  the  ship. 
Specially  deep  frames  are  employed  without 
any  hold  stringers  or  webs,  so  as  to  keep  the 
holds  a^  clear  as  possible  of  obstruct ioia.  In 
Fig.  174  wide-spaced  side  pillars  ai-e  seen  fitted; 
three  small  side  stringers  Imve  yet  t^  be  put  in 
place.  The  vessel  in  Fig,  175  has  large  web 
frames  in  place  t)f  the  usual  strong  hold  beams 
Ui  avoid  causing  obstruction  in  tlie  hold.  Here 
the  hold  stringer  and  two  side  stringei's  ai^  not 
in  place.  The  vesiiel  is  350  ft.  long,  and  of 
41)  ft,  beam  with  2^  a.  moulded  depth. 

Shipping^  Dimensions^  or  Measure- 
in  en  ts- — Tbe  cubical  dimen>.iuns  nf  a  machine 
or  packing  case,     Sm  Tonnage* 


Ship  Plates*—  ^Steel  plates  which  have  t^i 
pass  the  tests  of  the  prhicipal  governing  bydi<*s, 
before  being  used  in  ves^sels  under  the  survey 
of  those  Ixdies,  By  the  Adnih^alty  rule,  strips 
cut  lengthwise  or  crosswise  must  have  an  wlii- 
niate  tensile  strength  of  not  l^^s  than  26  tiniSt 
and  not  exceeding  30  tons  per  sq»  in,  of  section, 
with  an  elfmgaHon  of  :20  %  in  a  length  of  8  in. 
finding  tests  are  ;  strips  cut  length wi^  or 
crosswise,  \\  in.  xvide^  heated  ttmlormJy  to  u 
low  cherry  iwl,  and  e<xjle^1  in  water  of  ?^-" 
Fahr,,  must  stand  bendhig  in  a  pi'ess  to  t 
curve  of  which  the  inner  radius  is  one  and  w  bif 
times  the  thickness  of  the  steel  tested.  The 
ductility  of  eveiy  plate,  <!l^c,,  is  to  lie  ascertftiiiec] 
by  the  appliciition  of  one  or  Ixtth  these  tc-st'ilo 
the  shearings,  or  by  Ijending  them  cold  by  tin? 
hammer.  One  plate  is  to  be  taken  for  testing 
from  every  invoice,  provided  the  number  cLa^ 
not  exceed  fifty.  If  above  that  numl>er,  one 
for  every  addition  of  fifty,  or  portion  of  fifry. 

fn  Lloyd's  i-egister  the  tensUe  test  is  :i8  ti»  "ii 
tons  per  squai-e  inch,  and  1 6  %  elongation  in  J^in* 
on  plates  belaw  .^j^  in.  thickness,  and  20  <'ii 
those  above  that  tliickness*  The  temper  bentling 
test  is  the  same  as  the  Admiralty,  The  Britbli 
Coiptiration  is  38  to  32  tons,  with  an  elongation 
i>f  at  least  16  %  in  8  in.  The  Bureau  YeritJUS 
the  Germaniacher  IJoyd,  and  the  Regbtro 
Italian o,  are  27  to  32  tons,  with  20  %  eloagiitiou 
in  8  in,  on  plates  of  J  in.  and  upwards  i^ 
thickness,  and  1 6  7..  *^"  plates  under  tlmt  iKicli- 
ness.     The  temper  liending  test  is  alike  h)  iill 

Ship  angles  and  beamji  are  subject  t<>  \)^ 
same  tests  as  plates.  They  may  in  som^  cmW 
have  a  t^^n  more  of  tensile  stt^n^h,  pfoifMw) 
they  fulHI  the  other  conditions  named. 

In  hiome  recently  built  high-class  ^ljip«  • 
special  high  tensile  steel  has  been  vtwA  ^^ 
lesst^n  weiglit.  It  ranges  from  3*>  to  40  l^iiw 
tensile  stress,  with  an  elongation  of  not  Ics* 
than  20  °/   in  a  length  of  8  in. 

Ship's  Win  C  h  es, — Tli  ese  a  re  c  m  I  \n  art  u  ^teiJ 
by  a  )>aii'  "if  steam  cyhnderSj  and  made  in  various 
powers,  for  lifting  carg^jes  in  and  nut  of  \vM\ 
and  used  in  conjunction  with  a  ilerrick   pole- 1 
They  will  be  found  treated  under  the  |:t*ner>t 
head  lif  Winches^ 

Shipyard    Cableways.— At    the    preiscni 
time  these  are  in  close  rivalry  with  cttotilewf 
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cranes  antl  derricks  for  shipyard  service.  A  few 
years  ago  cable  ways,  tiiiiiij^'li  b+xronitng  eoininon 
in  Aroerieari  sihipyardw^  w*^re  nut  itiHtalltMl  in 
English  onas.  The  Palmer  Cn,  were  tlie  iirs^t 
in  this  country  to  adopt  the  ay  stern.  It  Ih 
held  by  the  advocates  of  the  cable  way  By  stem 
that  Hilt  only  is  their  first  cost  less  than  that 
of  caiitilever  cranes  and  derricks,  hut  that 
their  upkeep  is  less.  Almi  that  they  serve 
the  platers  much  more  etttciently  than  the 
entnes  duj  being  iin.n'e  mi^bile,  and  so  avoitl  the 
use  of  tix)lleys  and  tackle  on  the  decks.  These 
installationa  would  not  have  been  practicable  m 
the  pi^e-electricity  days*  But  the  can^iuet^irs 
and  motors  supply  a  light  and  mobile  means  of 
utilisation  uf  power  without  the  heavy  shafts 
and  geai'^  required  in  steam-driven  cranes. 

The  following  is  a  brief  account  of  a  shipyard 
cableway,  Fig.  172,  Plate  XTI.,  erected  in  the 
Pahiier  Co/s  yai-d  at  J  arrow,  Tt  has  been  si> 
saccessful  that  another  and  larger  installation 
ha*f  been  built 

The  cable wa J  comprises  three  unitSi  or  three 
cables  stretched  lietween  carriages  about  500  ft. 
apart.  Tlie  hoisting  trolleys  travel  f(»re  and 
aft  along  the  building  slip  on  these  cables.  The 
end  carriages  traverse  with  their  cables  acmss 
end  giriJerii  carrietl  on  cokimns  at  the  ends  of  the 
berth.  The  conception  embo<iied  in  this  was  a 
bold  one,  and  was  pi'onounced  impracticable  by 
some  firms  whu  wei-e  askeil  \k\  tender*.  There 
wa.s  the  anticipated  oVijectiou  to  the  great  ami  mnt 
of  sag,  due  to  tlie  stretch  of  500  ft.,  being  18  ft. 
in  the  middle^  and  the  difiiculty  of  traversing 
lM>th  end  carriages  500  ft.  apart  simultaneously 
without  citiss^working  occurring,  for  the  con- 
nection between  them  was  not  rigid,  consisting 
only  of  the  ropes.  Actually  no  trouble  ha.s 
been  e^tperienced  from  either  cause. 

Tlie  cable  ways  are  suspended  fi'onj  cross 
girders  at  a  height  of  about  100  ft.  on  girders 
carried  on  st^el  columns  at  e^ich  end  of  the 
building  slip.  The  columns  are  of  light  design, 
comprising  st.«^l  jnembei-s  and  lattice  bracing. 
Local  condititms  prevented  carrying  long  guys 
from  the  ciilunms,  anci  therefore  the  columns 
were  set  at  a  confide rable  inclination  from  the 
vertical,  55"  and  62  \  at  each  end  respectively 
from  a  horizontal  line,  and  leaning  away  ivQxw 
each   other   above.      End   guys   c*ome   perpcn- 


dicularly  to  the  gnmnd,  and  these  with  the 
effect  of  the  inclination,  and  the  weight  and 
tension  tin  the  cables  and  load  ti*oUeys  pmctically 
counterbalance.  The  guys,  of  jsteel  wire,  are 
6|  in.  in  circumference.  They  are  anchored 
into  concrete.  The  columns  are  each  secured 
to  a  seat  of  mild  steel  in  a  concrete  foundation, 
with  a  central  bolt  S  in.  in  diameter.  The 
foundations  each  measure  10  ft.  square*  and 
contain  140  txms  of  concrete. 

The  columns  ai^  spaced  94  ft,  apai't,  and 
surmount^  by  cross  girders,  steel  platetl  with 
lattice  bmcing.  There  are  two  girders  100  ft, 
long  uniting  each  pair  of  columns  at  the  ends, 
and  having  a  clear  stmce  between,  4  ft-  wide,  to 
permit  the  trolley  cables  to  traverse  aci^tss  the 
width  I  if  the  building  berth.  The  cables,  of 
which  there  are  three,  independent  of  each 
other,  are  attached  at  each  end  to  a  caiTiage 
which  travels  on  rails  on  the  cross  ginlers,  so 
that  there  am  six  carriages  in  all.  Each 
carriage  carries  a  12  B.H.P.  reversible  motor, 
w^hich  is  geared  through  worm  and  spur  gearing 
to  the  axles  which  carry  the  trolley  wheeb. 
These  motors  are  conti'olled  simultaneously  fmm 
the  operators*  ti^lley  on  the  cable,  and  the 
carriages  are  tm versed  at  a  rate  of  25  ft.  per 
minut'e. 

The  load  carriages  which  run  fore  and  aft 
along  the  cables,  and  in  w^hich  the  operators  sit» 
eiich  contain  a  35  B.H.P.  reversible  motoi\ 
This  provifies  p<:»W"er  for  the  hoisting  and  travel- 
ling motions.  The  maximum  load  lifted  is  3 
tons  at  100  ft.  per  minute;  1  ton  is  lifted  at 
150  ft.  per  minute.  The  longitudinal  travel 
tjikes  place  at  about  400  ft,  per  eniimte. 

The  current  is  conveyed  to  the  motor  from 
overhead  copper  cables  suspended  l>etween  the 
eufl  supports,  Suitable  collecting  arms  and 
connections  are  made  to  each  carnage.  The 
hoisting  motion  is  effected  through  friction  and 
spur  gearing  to  a  drum  which  runs  kniselv  on  a 
hfilhiw  st^^l  shaft.  The  hmfl  is  lifted  through 
a  four-part  wire  roy>t^,  passing  iT*und  a  two 
sheave  snatch  block.  A  mechanical  friction 
brake  is  fitted. 

The  hmgitudinal  travelling  motion  is  derived 
firim  the  motor,  through  friction  and  spur  gears 
tvi  the  travelling  motion  shaft,  on  which  a  rope 
drum  is  keyefi  at  each  end.     Twrj  wire  travelling 
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ropes  am  attvtchefl  £rom  end  to  end  for  each 
t;iiV)Iew»y,  and  eaeli  is  wound  on  its  drum  a 
mi^cient  number  of  times  to  prevent  slip  in 
tlie  opposite  direction  to  that  in  which  the 
carriage  is  moving.  This  movement  also  iB 
braked. 

Two  control lei*»  and  resistances  are  Rtted,  one 
for  starting,  regulating  the  spe^d  of,  stopping 
and  reversing'  the  motor  on  the  load  carriage j 
the  other  for  similarly  controlHng  the  motions 
on  end  I  end  carriage.  Automatio  cut-outs  are 
fitted  to  each  live  wii*e,  mo  that  in  the  event  of 
breakage  the  cnri'ent  is  instantly  cut  off, 

Eiich  main  cable  ha«  a  breaking  .strength  of 
175  ton??.  They  are  7 J  in.  in  cireumference, 
matle  of  ?steel  wire  liavin^  tin  ultimate  tensile 
strength  of  75  to  80  tons  per  square  inch,  built 
up  of  six  strands  with  nineteen  wires  in  a 
at  rat  id.  The  end  girders  are  further  tied  by 
twti  horizontal  stays  of  wire  rope  5i  in,  in 
circumfei-ence.  Tbere  are  also  the  two  travelling 
rojies  W  in.  in  circumference  to  each  ciibleway. 

Shipyard  Cranes.  —  This  relates  to  the 
eranesi  nsed  in  the  courj^e  of  confitruction  of 
ships'  hulls  ivbileon  the  launching  ways,  and  to 
those  employed  in  a  graving  dock,  or  a  fitting- 
out  slip,  aft^r  launching.  Work  timst  be  done 
both  on  the  building  slips,  anrl  afterwaixis. 
Cranes  are  used  which  fulfil  the  varied  require- 
ments of  building  and  fitting  ont ;  fixed» 
pijrtable,  jih  cranes,  and  tlerricks,  overhead 
travelling  cranes,  cantilever  cranes,  heavy  and 
light,  endowed  with  greater  or  less  degr^ee  of 
mobility. 

The  earlier  cranes  used  were  Sheer  LegfS 
and  den^icks.  The  first  named  are  seldom  built 
now  on  account  of  their  immobility.  They 
are  used  for  lifting  masts,  boilers,  and  engines 
into  the  vessels  after  launching,  but  as  they 
Jia\  e  no  movement  laterally,  vessels  lia^T  tfi  be 
warped  along  to  accommodate  the  crane, 

A  type  of  sheer  legs  is  made  by  a  Duisburg 
firm,  in  which  the  legs  are  cranketi  near  the  top. 
This  permits  of  bringing  the  legs  far  enough 
Imck  frotn  the  quay  wall  to  permit  oV>jects  to 
occupy  the  (juay^  clear  of  the  legs,  and  prevents 
the  legs  from  ctmtact  with  the  bulkheads  of  the 
vessel,  so  allowing  the  latter  to  1k^  brought  up 
close  to  the  q«*iiy  wall.  The  legs  are  built  of 
lattice  bracing,  so  lessening  dead  w^eight. 
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Den'icka  are  better  than  sheer  legs,  and  haves 
been,  and  continue  to  be  used  extensively*  Hut 
it  is  rather  unusual  to  fit  tliem  now  in  shipyarrU 
which  are  being  newly  equipf^ed,  because  other 
classes  of  cranes  fulfil  the  i*equired  conditions 
much  l>etter.  A  derrick  has  a  long  reach  of 
jib,  and  it  usually  slews,  and  thus  comniandi^  \% 
lai'ge  area.  By  erecting  several  derricks,  a  loa^^ 
building  slip,  or  fitting  out  basin  can  be  well 
equipped  J  and  vessels  of  modetute  diniensionsi 
cohered.  But  the  groivth  in  the  dimension.'*  ni 
vessels  has  Ijeen  so  rapitl  in  I'ecent  years  that 
the  derricks  are  now  unable  to  deal  witli  the 
largest,  and  the  result  has  been  great  develoi>- 
ments  in  newer  designs,  such  as  the  hammer  or 
tow*er  type  J  the  cantilever,  the  com  bin  ed 
traveller  and  jib  crane,  bent  jib  cranes,  and 
cable  ways. 

Fig,  173,  Piatt*  Xri,,  shows  two  electric 
derricks  supplied  by  Messrs  Sir  WiHiain  Arrt^l 
k  Co,,  Ltd*,  to  Messrs  John  Brown  k  Co,, 
Ltd.,  wdio  first  employed  them  in  building  tlie 
Limtaiiia.  the  double  cellular  lx>ttom  of  which 
is  seen  in  the  view.  The  load  is  5  tons,  w  hich 
can  be  hoisted  to  a  height  of  1  '20  ft«  abov  e  the 
ground  level,  and  slewed  thix^ugti  180**  at  a 
radius  of  35  ft.  fn:>m  the  mast  centre.  Each 
mast  is  6  ft.  square  at  the  centre,  tapering  ofi' 
to  18  in.  at  the  ends.  There  are  four  wire-rope 
guys  attached  to  the  top  of  the  mast,  and  one 
below  the  jib  foot.  The  jib  staocis  at  an  angle  of 
45*  and  is  slew^ed  by  a  motor  on  the  attendant's 
platform,  w  hich  stands  95  ft,  above  the  ground 
leveL  The  hoisting  is  perforraecl  by  a  winch 
having  a  30  HP.  motor,  set  on  the  ground,  tl^e 
rope  passing  up  inside  the  mast,  througli  the  jih 
foot  pin,  and  then  around  a  guide  pulley  to  the 
jih  head  pulley*  There  are  two  lifting  speeds, 
90  ft.  and  210  ft.  per  minute. 

TraveUing  Gantry  Cranetf. — A  crane  of  thi* 
design  was  elected  at  Messrs  Harland  tt  Wolfi*H 
for  the  building  of  the  Oceanic.  It  was  designe<l 
chiefly  for  carrying  the  hydi'aulic  riveting; 
machines,  and  is  broad  and  high  enough  to  span 
vessels.  The  height  is  9B  ft,  measuiied  to  tlie 
under  side  of  the  cross  girtiers,  the  clear  widtli 
is  95  ft.  Three  hydraulic  tra%'elling  cram^n 
run  cm  the  cross  gi idlers  for  carrying  tlje 
portable  machines,  the  maximum  h>ad  being  7i 
tons.      At  each  comer  iw   fitted  a   jih  which 
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swings  througJi  au  angle  of  180'\  Tliey  can 
lift  a  plate,  itc,  up  to  4  tons  in  weight  from 
the  outside,  and  t^win^  it  over  the  vessel  at  a 
rairHus  of  40  ft.  without  moving  the  gantry. 

Ovet^hfidd  7Vatvliitiff  Vrafws. — Thest?  are  u^jetl 
at  the  Vulcan  Shipbuilding  Yards  at  Stettin. 
Two  cranes  runnLnjy;  side  by  aide  are  net^es^iry, 
to  avoid  the  too  great  span  of  a  single  crane. 
But  a.H  a  central  supporting  gantry  would 
prevent  lifting  being  done  along  the  centre  just 
over  the  keel,  one  crane  i^  made  about  G  ft. 
longer  than  the  other  to  cover  that  area,  Tlie 
lift  i^  4  tons,  and  the  longitudinal  ti'averse  is 
262  ft,  a  minute.     Electric  dri^'ing  h  adopted. 

Messra  Hwan  k  Hunter  use  travelling  erane.^, 
with  the  a^^ldition  of  longitudinal  jiK**  lielow  the 
cranes.  Their  building  berths  are  roofed  in  as 
a  protection  against  the  weather. 

A  modem  shipbuihling  hei^th  aiuipment 
is  shown  in  Fig.  174,  Plate  XIII,,  made  by 
Appleby s,  Ltd,  A  steel  structure  in  arranged 
to  span  the  entire  w^idth  and  length  of  the 
building  slip ;  this  Htructm*e  cames  a  com- 
bination of  overhead  travelling  cranes  and  side 
walking  cranes  arranged  in  such  a  manner 
tliat  the  shipbuilding  material  may  be  rjuiekly 
and  easily  brought  into  position,  the  cranes 
being  used  either  separat^ely  or  in  any  cooi- 
bi nation  t*^)  suit  the  varioust  sc^uads  of  men  or 
the  varying  loadn  to  Ije  handled. 

In  the  particular  equipment  illustrated,  w^hich 
wms  photographed  whilst  in  actual  use  in  the 
contjtruction  of  a  battleship,  the  vertical  §teel 
members  are  simced  108  ft,  apart,  and  are  140 
ft.  high,  the  total  length  being  750  ft  Tlie 
tops  of  the  verticals  are  tied  togethei'  with 
lattice  girders  in  order  to  pre-serve  a  correct 
gauge  for  the  travelling  ci'anes. 

There  are  two  overhead  electric  t levelling 
cmiies,  each  of  1 5  tons  lifting  capacity ;  they  s|jan 
the  entire  width  of  the  berth  and  command  the 
whole  area ;  the  drivej**s  cabin  is  located  at  the 
centre  of  the  span.  The  spee<:is  are  as  follows  :— 
Hoisting  full  hiad,  40  ft.  per  min, ;  ui*oss  travel^ 
ing,  full  load,  2:30  ft.  per  min. ;  trammelling,  fwll 
h>adj  500  ft  per  min. 

There  are  four  electric  walk  it  ig  cranes,  each  of 
5  tons  lifting  capacity  ]  the  radius  is  30  ft.  and 
the  height  between  top  anrl  bfjttom  rails  is  24 
ft. ;  the  wheel  base  is  20  ft.     The  speeds  are  as 


follows : — Hoisting  full  load,  60  ft^  per  min.  ; 
slewing,  300  ft.  per  min. ;  travelling,  250  ft. 
per  min. 

All  the  cranes  were  tested  with  an  overload 
of  50  per  cent,  in  all  motions,  each  motit>n  is 
ofjerated  by  a  separate  electric  motor,  all  the 
gearing  is  of  steely  cut  from  solid  blank ;>,  The 
whole  ari*angement  satislie.H  all  the  i*cquii*ements 
necessaiy  for  the  rapid  and  efficient  construction 
of  vessels,  the  material  being  handled  with  the 
minimum  delay,  whereby  the  fitters  and  pla lei's 
are  regularly  supplied  with  mateiial  as  and 
wiien  required. 

Vnnlile^i^r  Crrifu^i^. — These  are  used  over  the 
shipbuilding  1>erths  at  Barrow4n-Furnes&  and 
many  other  yards.  Each  ui'ane  at  Barrow  serves 
two  building  slips,  the  cantilever  arms  reaching 
over  on  opposite  sides.  These  are  Ulustrated 
in  Vol.  Til,,  Plate  IX.,  Fig.  109.  A  tall  twstle 
eitH-ted  midway  between  the  slips  affords  the 
ruiLWay  for  the  cranes.  The  cantilevers  cover 
the  entire  width  of  the  vessels  on  each  side  of 
the  trestle,  the  total  span  coven&d  by  the  hook 
between  the  extremes  of  the  cantilevers  being 
1 90  ft.  The  height  is  102  ft.  in  the  case  of  one 
crane,  and  95  ft.  in  that  of  another.  The 
motions  are  all  worked  by  an  85  HP,  electric 
motor  which  travels  the  crnne  along  tlte  trestle 
track,  tnivels  the  trolley  along  the  cantilever 
arms,  and  lifts  the  load,  the  lowering  being  done 
by  gravity  with  bnikes.  The  rate  of  travel 
varies  l>etw^e«n  400  ft,  and  7(K)  ft.  |ter  min., 
the  tiNjlley  travel  fnmi  400  ft,  U>  800  ft.,  the 
hoisting  from  100  ft.  to  600  ft.  The  trolley  is 
connected  to  the  winding  drums  by  wire  ixipe. 
Hoisting  is  done  by  a  single  di-um.  The 
maximum  lift  is  7^  tons  at  extreme  radius,  and 
abtiut  13A  tons  at  a  radius  of  60  ft,  from  the 
centre.  Counter Imlanc ing  is  effected  by  a 
ti*avelling  balance  weight  eunnected  by  ropes 
t*:*  the  trolley,  and  automatically  di^awn  Ut  a 
position  on  one  arm  corresponding  with  that  of 
the  load  on  the  other, 

A  cantilever  crane  of  simUar  outline^  but 
with  the  hoi^sting  mechanism  raodilied,  is  used 
for  handling  the  plates  in  the  yard.  The 
radius  is  larger,  and  the  height  less  than  the 
cranes  over  tlie  berths*  The  total  radius  is 
318  ft.  i^  in.  The  trestle  is  built  wide  enough, 
and  open,  to  allow  of   pieces  60  ft.  in  length 
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being  carried  through  the  pier  without  turning 
them*  The  crane  runs  on  a  double  track  of 
30  ft,  6  in.  centres.  An  85  HP.  inot^ir  is 
used.  Tlie  travelling  speed  of  tiie  crane  along 
the  track  is  300  ft.  per  minutej  tlie  trolley 
travel  anything  up  to  750  ft,  per  minute,  the 
rate  of  hoisting  200  ft.  per  minute,  the 
maxiniuni  load  being  5  tons. 

The  Brown  Hoisting  Machinery  Co,  have 
erected  a  good  number  of  these  can  tile  vei*  cranes 
in  American  shipyards, 

Tho  cniney  foi^  putting  in  machinery  in  the 
graving  dock,  or  fitting-out  bn!!*in  niuBt  be 
much  more  powerful  than  those  which  are 
required  for  haildlLng  the  plates  and  frames 
used  in  building  the  hull.  Cranes  of  from 
50  to  120  tons  are  recjuired  fnr  this  wnrk. 
This  is  the  kind  of  work  for  which  sheer  legs 
have  been  used,  or  preferably  derricks. 

Jib  Crmt^H* — ^One  of  the  largest  cranes  is 
fitt4ed  at  Glasgow  by  Cowans  Sheldon  tfc  Co,^ 
for  the  accomnitKiation  of  the  shipbuilders  in 
the  vdcinity.  It  lifts  130  tons  maximum  at 
2  ft,  per  minute,  at  C5  ft.  radius ;  or  60  tons 
at  4i  ft.,  at  69  ft.  9  in.,  radius.  The  heavy 
lifting  is  done  by  eight  wii'e  ropes  2|  in, 
rlianieter,  The  main  hoisting  drum  is  5  ft.  2  in. 
diameter  by  10  ft.  in  lengthy  with  turned 
grtxives.  It  weighs  10 J  tons,  Separate  sets 
of  engines  are  used  for  light  and  heavy  lifts. 
The  crane  with  its  kentledge  weighs  370  ton,=i, 
120  t-ons  comprising  castings.  The  jib^  of 
twin  tubular  type,  weighs  over  90  tons.  The 
crane  stands  110  ft,  above  the  level  of  the 
quay.  The  crane  slews  on  a  roller  path  33  ft, 
in  diameter.  The  live  rollers  in  the  slewing 
ring  numl>er  seventy-five,  14  in,  in  diameter 
at  the  larger  end ;  they  weigh  1 0  J  tons^  and 
ai*e,  like  most  of  the  castings,  of  steel,  mild 
Htsel  being  used  for  the  plate<l  work. 

Another  large  cfane  is  one  built  by  Tannett 
Walker  tfe  Co,,  for  Chatham  Dockyard.  It 
lifts  160  tons  by  direct-acting  hydraulic  power 
at  a  radius  of  75  ft,  3  in.  There  is  a  lighter 
lift,  up  to  30  tons  by  wire  rope.  The  i^ller 
path  is  45  ft.  4  in*  diameter.  There  are  three 
pairs  ol  steam  engines;  one  of  which  pumps 
water  for  the  hydraulic  cylinder,  another  set 
rotates  the  crane,  the  third  set  lifts  the  light 
kads.  The  crane  weighs  about  500  tons, 
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stands  125  ft.  high  above  the  quay  level,  and 
was  tested  to  320  tons. 

A  120- ton  steam  derrick  crane  is  erected  at 
Sunderland  by  WilHam  Doxford  it  Son.s,  Ltd., 
for  their  own  works.  It  lifts  1 20  tons  at  50  ft. 
radius,  and  swings  it  throngh  an  arc  of  227'; 
70  tons  at  80  ft.  radius,  and  30  tons  at  100  ft, 
I'adius,  and  swings  it  through  an  arc  of  240', 
It  will  i^each  over  the  width  of  two  ve^Jsels 
lying  alongside  each  other.  Thei*e  are  two 
dmms,  the  lower  one  for  the  heavy  lift,  frt>m 
oO  to  1 20  tons  ;  the  upper  drum  l^  divided 
into  two  parts,  one  half  for  the  light  Hft^  the 
other  for  luffing  the  jib.  All  three  are  driven 
by  worni  geara.  Wire  rope  2|  in.  diameter  h 
usetl  for  lifting  and  luffing.  Each  motion  is 
driven  by  ibi  own  separate  pair  of  engiiies, 
making  four  engines  in  all,  which  are  supplicfi 
with  steam  at  90  lb.  pressure  through  a  pij>e 
bmught  up  through  the  centra!  pivot.  Th*? 
hoisttug  speed  of  the  heavy  hft  is  5|  ft.  f»er 
minute,  that  of  the  light,  37  ft.  per  minute, 

A  ijuestiou  of  erecting  cmnes  for  putting 
machinery  on  board  sliips  in  basins  is  t!iat  of 
fixe*l,  ver^iit  portable  designs.  The  load 
imposed  by  such  cranes  on  quay  walls  is* 
enormous,  and  foundations  for  fixe<l  cra,n^  are 
very  costly.  But  it  is  easier  to  lay  down  a  giMxl 
foundation  for  a  fixed  crant'  than  tu  build  » 
whole  quay  wall  strong  enough  for  a  portable 
crane.  For  this  reason  some  prefer  a  Float 
ingf  Crane. 

I/fiiUiii^r  V  thanes, — These  are  so  named 
because  of  their  crude  resemblance  to  a  hammer, 
and  also  (uwer^  and  giani  cranes.  The  jib  b  of 
double  cantilever  Iwilanced  type»  the  load  l^eing 
racked  along  on  the  longer  ann,  and  the 
Ijalance  weight  being  carried  on  the  other  i>r 
shorter  arm.  The  upright  post  Is  revolverJi  and 
is  supporterl  by  an  encircling  framing,  usually 
of  trilateral  form.  The  method  of  operatiiin  i^ 
by  separate  electric  motoi's  for  tlie  different 
motions,  by  which  alone  the  construction  fif 
such  ci'anes  of  sufficient  lightnei^  is  renderer) 
possible. 

An  example  of  an  electrically  operated 
hammer  or  giant  crane  for  the  fitting  out  of 
vei^seln  after  they  have  left  the  builcHng  siipn 
is  shown  in  Fig.  175,  Plate  XT  11,,  mode  by 
Appleby s,  Ltd. 
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It  is  constructed  for  a  working  luad  of  60 
ions  at  a  rarliuB  varying  from  18  ft.  t4>  60  ft, ; 
the  height  from  the  ground  level  to  the  top  of 
the  ci'ane  girclei's  is  75  ft.  The  erarie  eonsists 
generally  of  a  re%^olvifig  cantilever  mount hI 
upon  a  rectan^lar  st*^l  towei\  the  t^>p  iif  the 
tower  Ijeing  f umistlietl  with  a  live  ring  of  i*ollers  ; 
a  tim versing  carriage  or  crab  moves  along  the 
cantilever  to  adjust  the  radius  of  the  lifting 
tackle*  The  machinery  is  a^nsernbled  at  the  tail 
^xiA  of  the  cantilever  and  is  provided  with  a 
saitabic  house ;  ladders  and  handrailingw  are 
fitted  to  render  all  parts  of  the  crane  accessible. 

The  movements  of  lifting,  slewing,  ami  tni- 
versinsj  are  each  performed  by  a  sejmnite  electric 
motin%  the  speeds  being  a.s  follows  :^ — Hoisting 
fuU  load,  Ti  ft,  per  inin,,  with  a  change  gear  to 
hoist  loads  up  to  15  tons  at  SO  ft.  per  min. ; 
tm versing  the  carriage  along  tlie  cantilever,  40 
ft.  per  mill* ;  slewing,  300  ft.  per  miti,  mea>iured 
at  60  ft.  radius. 

A^  an  instance  af  economy  of  givjund  space, 
the  pirticular  crane  referred  to  has  a  p<iwer 
house  located  in  the  I'ectangle  formed  by  the 
leg»  of  the  tower.  Tlii.s  power  house  not  only 
provides  electrical  energy  for  the  crane,  but  also 
for  the  machiner}^  in  the  acljoiiung  shop. 

An  electric  hammer-head  crane  of  150  tons 
capacity  is  whown  in  Fig.  170,  Plate  XIV,  It 
was  built  by  Messrs  Sir  William  Arrol  ife  Co*, 
Ltd*j  for  tlie  fitting-out  ba^siii  of  Messi's  John 
Brown  k  Co,,  Ltd,,  at  Clydebank.  The  tower 
ij»  composed  of  four  legs,  standing  on  cylinders 
sunk  75  ft.  into  the  ground  \  the  width  at  the 
bottom  is  40  ft.,  tapered  off  to  35  ft.  at  the  top. 
Lattice  bracing  ties  each  comer  leg,  and  on  top 
of  the  fi'ame  is  carrietl  the  roller  path,  supported 
by  girders.  The  path  is  35  ft.  diameter,  and 
Beventy-five  steel  rollers,  14  in.  by  14  in.,  take 
the  weight  of  the  revolvLrig  port  ion,  wliile  a 
steel  centiX5-pin,  14  in.  diameter  and  13  ft.  long, 
passes  through  the  centre.  The  slewing  rack 
stands  outside  the  lower  path,  and  has  teeth  of 
^\  in,  pitch.  The  jib  is  comf>osed  of  tAvo  lattice 
b*>x:  girders  set  14  ft.  apart  centiTs,  and  the 
depth  varies  from  26  ft.  over  the  tower,  t^>  15  ft. 
at  the  tail,  and  7  ft.  at  the  other  end.  The  jib 
carrie.^  a  jenny  by  four  lines  of  niilw,  and  the 
machinery  for  opemting  is  caiTie^l  at  the  tiUl 
end,  to  assist  in  counterlmlancing,  in  addition  to 


which  there  are  two  femks  holding  altogether 
86  tons  of  ballast.  There  are  three  bari-els, 
one  for  the  main  lift,  one  for  a  liglit  lift  of  30 
tc»ns,  and  a  third  for  racking  the  jenny.  Both 
magnetic  and  h^'draulic  brakes  are  provided  for 
lowering.  The  slewing  motor  and  gear  is  placed 
at  the  front  underneath  tVie  jib,  and  the  attend- 
ant's cage  is  slung  immediately  in  front  of  thi^. 
8orae  of  the  speeds  are  hei-e  given  :  150  tons  can 
be  hoisted  at  the  rate  of  5  ft.  per  minute,  and 
1 00  torn  at  7  ft.  Gin.  per  minute  ;  the  auxiliarv 
lift  of  30  tons  at  12  ft.  6  in.,  and  7^  tons  at 
50  ft.  per  minute.  Racking  is  done  at  40  ft  per 
minute,  with  a  1 50- ton  load  ;  slewing  at  the 
mte  of  one  revolution  in  ten  minutes,  carrying 
150  t4ins,  rmd  30  tons  in  five  minutes. 

Sho€-— Anything  which  forms  a  termination 
or  abut  roe  nt  of  a  member,  as  the  driving  end  of 
a  pile,  the  abutment  blocks  which  receive  the 
ends*  of  leaf  springs,  a  bi-ake  hlcK*k,  the  chlIs  of 
sheer  legs,  or  derrick  mast-s,  or  guys,  or  jibs, 
and  similar  uses. 

S-Hooks. — ^>^  Lifters. 

Shootin^^ — Planing  the  edges  of  timljer 
joints. 

Shooting  Board— A  couple  of  pieces  of 
board  superimposes K  the  up|)er  one  narix>wer 
than  the  other  by  about  tlie  width  of  a  plane. 
A  piece  of  wood  laid  on  the  upper  piece  and 
against  a  stop,  has  its  edge  shot  by  a  pkne  laid 
on  its  edge  on  the  lower  piece.  The  ad^ant^igc 
is  that  the  edge  is  planed  iiquare  with  the 
face. 

Shops. — Tlie  practice  of  mechanical  engineer- 
ing ia  not  that  of  an  isolated  ti'ade,  but  »if 
several  trades,  which  on  first  thoughts  wouid 
appear  to  have  little  in  common.  In  a  large 
ty|iical  works  the  different  shops  comprised 
within  its  area  include  the  following  : — 

1.  Th*^  Fattern^  or  Ahidd  Shfrp,  in  which  the 
pattei^ns  of  all  work  that  has  to  be  nuidc  by 
moulding  and  casiting  in  metal  are  prepared, 
mostly  in  timl^er,  but  many  in  iron  or  brass. 

2.  7*he  Fvit  fidri/t  which  includes  several  depart* 
ments.  Bteel,  iron,  brass  are  cast  in  different 
shops  by  different  groups  of  men,  who  ai'e  speci- 
ally trainefl  therein.  In  each  thei'e  are  siib- 
dejMirtments  correspontling  with  light  and  hea\y 
castings,  with  green  sand,  loam,  and  coi^es^  ■  with 
hand  work  and  machine  work^  and  often  with 
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distinct  classes  of  castings,  as  cylinders,  chairs, 
brake  blocks,  kc. 

3.  The  Forge f  or  Smithy^  embraces  work  done 
in  wrought  iron  and  steel  at  the  anvil,  or  under 
power  hammers,  or  steam  hammers,  using  dies 
as  matrices  for  producing  the  forms  of  forgings 
by  pressure,  without  tentative  formation  at  the 
anvil,  or  in  some  cases  as  an  adjunct  thereto. 

4.  The  Turnery, — Here  cast  and  forged  work 
is  brought  which  requires  to  be  turned  in  lathes. 
This  is  usually  subdivided  into  light  and  heavy, 
and  further  into  boring  and  turning,  and  again 
between  ordinary  lathes,  and  automatics,  and 
turret  lathes. 

5.  The  Machine  Shop,  which  comprises  all  the 
machine  tools  not  included  in  the  turnery,  as 
planing,  shaping,  slotting,  drilling,  boring,  mill- 
ing, gear  cutting,  and  grinding.  It  is  subdivided 
into  many  groups,  and  is  generally  the  most 
extensive  department  in  the  works. 

6.  The  Boiler  Shop. — In  this  the  manufacture 
of  steam  boilers  is  carried  on.  It  includes 
several  sub-departments,  since  no  one  group  of 
craftsmen  carries  such  work  through  to  com- 
pletion. Also,  the  methods,  the  plant  and 
machinery  and  the  men  themselves  differ  with 
the  great  groups  of  boilers  made,  as  locomotive, 
marine,  Lancashire,  vertical,  and  so  on. 

7.  The  Platimj  Shop. — This  is  devoted  to  the 
manufacture  of  work  built  up  in  iron  and  steel 
plates,  and  sectional  forms.  Its  methods  and 
tools  are  generally  those  of  the  boiler  shop, 
modified  by  the  differences  in  the  character  of 
the  work  done.  Sometimes  the  two  classes  of 
operations  are  carried  on  in  the  same  shop,  and 
by  the  same  sets  of  men,  platers,  diillers, 
riveters,  ifec.  But  generally  in  large  works  the 
departments  are  distinct. 

8.  Copper sTnithimj  is  an  important  depart- 
ment in  locomotive  and  marine  shops,  and  in 
brewers'  engineers,  in  which  the  methods  are 
those  involved  in  the  working  of  copper  sheet 
into  numerous  shapes. 

9.  Tiiismiths. — In  some  shops  these  form 
a  large  department.  Stamping  and  drawing 
presses  form  part  of  the  equipment,  and  solder- 
ing is  done  extensively.  There  is  much  of 
this  in  railway  shops,  and  in  brewers'  engineer- 
ing. 

10.  CarpeiUers,  Joiners,  and  Cabinetmakers, 
160 


— This  department  is  a  large  one  in  many 
works.  It  is  so  in  some  crane  and  lift  shops, 
and  in  railway  carriage,  and  wagon  shops,  and 
in  shipbuilders'  yards.  A  considerable  amount 
of  wood-working  machinery  is  utilised  in  rail- 
way shops.  In  most  firms  the  packing  case 
department  is  of  fair  size. 

11.  Testing    Department, — This    is    a   very 
impoi'tant  section  of  the  works,  and  to  which 
much   more    attention    has    been    given  than 
formerly.      In   modern   shops    it   includes  an 
electrical  testing  plant.     Ordinary  plants  are 
adapted  to  the  special  manufactui*es  of  a  firm, 
and  include  steam,  water  pressure,  and  pumps. 
The    testing    of    steam     engines    and    boilers 
involves  a  large  amount  of  careful  calculation, 
bearing  on  fuel  eflSciency,  and  on  steam  con- 
sumption, while  the  action  of  the  steam  in  the 
cylinder  is  read  on  the  indicator,  which  is  the 
engineer's  'stethoscope.     All  large  machines  of 
all  kinds ;  tools,  cranes  of  every  kind  actuated 
by  steam,  water,  compressed  air,  or  by  belting 
are  tested  either  in  the  shops,  or  if  large,  out  of 
doors,  to  ascertain  if  they  fulfil  the  engineers' 
specifications.     Bridges  and  gii'der  work  gener- 
ally are  subjected  to  dead,  or  to  rolling  loads, 
corresponding  with  the  nature  of  the  sti'esses 
which  they  will  have  to  endui-e.     Thei-e  is  also 
the  testing  of  materials  which  all  large  firms 
now  possess.     The  testing  machines  are  numer- 
ous,    and   specialised,    for    ordinary   specimen 
pieces   in   metal,    to   be    subjected    to    tensile, 
compressive,   and    torsional    stresses.     Chains, 
springs,  and  other  manufactures  have  special 
machines. 

12.  Painters. — These  take  metal  and  wood 
work  in  hand  after  testing.  Some  engineers 
are  very  particular  in  their  specifications  as 
to  the  composition  and  quality  of  the  paints 
used,  and  the  use  of  boiled  oil  to  precede  the 
application  of  paints.  In  the  railway  shops 
the  coats  of  paint  are  rubbed  down,  and  finally 
polished.  Some  of  the  large  firms  have  a  shop 
for  grinding  as  well  as  mixing  their  own 
colours. 

Shop  Stands. — Provision  is  made  in  good 
modern  shops  for  the  storage  of  materials,  and 
of  partly  finished  work,  as  well  as  tools  and 
appliances,  upon  stands,  or  racks,  either  fixed 
or  portable.     The  portable  types  are  handy  for 
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use  among  machines,  where  it  is  either  desirable 
to  transfer  the  work  bodily  by  wheeling  the 
stands  along,  or  where  occasional  change  of 
position  is  required,  to  suit  the  lay-out  of 
lathes  and  machines.  The  largest  classes  of 
iitands  are  those  used  in  the  machine  shop  and 
smiths'  shop  for  storing  bai-s,  and  other  material. 
The  construction  includes  uprights  and  trans- 
verse horizontals,  set  slightly  on  the  incline, 
to  prevent  the  bars  from  rolling  off.  Wooden 
uprights  and  cross-bars  are  often  used,  but 
steel  is  more  durable  and  tidy.  Bars  and 
other  sections  are  often  stood  upright  when 
of  considerable  length,  resting  against  rods 
standing  out,  to  form  divisions  against  a  wall. 
In  the  machine  shop,  when  a  supply  of  bars  is 
carried  close  at  hand  tx)  the  lathes,  4Jbc.,  stands 
of  triangular  form  are  employed,  with  arms  to 
support  the  bars.  In  the  best  arrangements, 
these  stands  occupy  the  central  aisle  of  the 
shop  (provided  it  is  not  required  for  a  track) 
and  the  lathes  flank  each  side. 

The  shorter  and  more  easily  handled  pieces, 
such  as  lengths  of  bar  cut  off,  and  castings  and 
forgings  ready  for  tooling,  are  laid  upon  the 
flat  surfaces  or  trays  of  stands  built  up  of  cast 
iron  or  of  piping.  The  simplest  stands  are 
comprised  of  two  cast-iron  ends,  of  A,  or  of 
parallel  shape,  tied  together  with  bolts,  and 
supporting  three  or  four  trays  of  shelves  of 
wood  upon  ledges.  The  advantage  of  wood 
is  that  it  does  not  damage  the  work,  an  impor- 
tant consideration,  if  flnished  pieces  are  being 
dealt  with.  It  is  however  liable  to  become 
soaked  with  oil,  which  is  not  the  case  with 
iron.  Trays  of  cast  iron  with  upturned  edges 
are  frequently  mounted  upon  tubular  uprights, 
this  forming  a  cheap  and  neat  construction. 
Slots  or  recesses  are  often  cast  around  the 
edges,  or  underneath,  to  receive  the  heads  of 
numerous  bolts,  which  are  thus  stored  ready 
for  use  on  the  various  machine  tools,  instead 
of  being  thrown  down  in  a  heap  on  the  floor. 
When  the  stands  have  to  be  moved  about, 
castors  are  fitted  to  the  legs.  Many  stands 
have  been  constructed  recently  of  stamped  steel 
in  place  of  cast  iron,  as  being  lighter,  and  free 
from  risk  of  fracture.  WTien  tools  and 
delicate  appliances  ai-e  stored  on  stands,  it  is 
better  to  provide  a  lock-up  drawer,  slung  on 
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runners  beneath  the  top  tray.  Provision  for 
the  bolting  of  a  vice  is  included  in  some  stands. 
Fig.  177,  when  the  nature  of  the  work  renders 
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Fig.  177. — Shop  Stand. 
(J.  Parkinson  h.  Son.) 


this  desirable.     This  stand  also  includes  a  nick 
for  tiles,  *kc. 

Repetition  work  which  is  always  going  through 
the   shops   can  be  best  dealt  ^-ith   by  special 
types  of   stands;   thus   turned  work,  or  pins, 
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spindles,  shafts,  <fec.,  of  moderate  length,  can  be 
stuck  upright  through  holes  in  a  top  and  bottom 
board  in  a  frame  mounted  on  runners,  the 
stand  being  wheeled  away  with  its  load  as  soon 
as  filled,  and  brought  back  empty,  or  with  a 
fresh  lot  of  spindles  for  turning  or  grinding. 
Such  a  stand  is  most  useful  in  the  finer  classes 
of  work,  where  damage  caused  by  knocking  the 
objects  would  be  objectionable. 

Shop  Systems. — Much  more  attention  is 
being  given  to  this  subject  now  than  formerly. 
It  has  been  too  greatly  neglected  in  the  past. 
Many  works  which  made  a  profit  in  the  old 
days  could  not  do  so  now  in  face  of  the 
severer  competition  which  exists.  Output  was 
often  thought  to  be  in  direct  proportion  to 
physical  activity,  and  inconsistent  with  the  best 
workmanship.  Now  it  is  understood  that  brains 
and  system  accomplish  more  than  hustle,  and 
that  the  highest  economies  are  compatible  with 
very  great  accuracy.  Machines  of  course  play 
a  leading  part  in  this,  but  behind  the  machines 
there  lies  the  system  of  the  shop. 

Shops  may  be  classified  in  three  broad  groups, 
the  general,  the  specialised,  and  the  inter- 
mediate. The  systems  of  each  differ  from  the 
others. 

General  Shops, — In  these  the  predominant 
feature  is,  that  the  firm  takes  any  kind  of  work 
which  comes  along.  Such  shops  fill  an  essential 
place  in  country  towns  and  districts,  while  there 
is  scope  for  them  in  crowded  cities.  Much  of 
their  work  lies  in  repairs.  Much  of  it  comes 
from  old  customers  who  prefer  the  work  of  the 
firm  to  which  they  have  grown  accustomed. 
The  best  men  are  mostly  all-round  hands.  There 
is  little  of  minute  subdivision  of  tasks.  Men 
are  changed  frequently  from  one  job  to  another, 
and  they  acquire  a  wide  but  accurate  knowledge 
of  all  the  work  which  comes  to  the  firm,  and 
are  able  to  tackle  unexpected  and  novel  tasks. 
It  was  the  old  training  and  experience,  of  which 
comparatively  little  remains  to-day. 

Sjtecialised  Shops. — But  many  of  the  older 
general  shops  have  drifted  more  or  less  into 
specialities,  thus  :  one  by  one,  groups  of  articles 
have  been  abandoned  under  the  pressure  of  the 
competition  of  firms  who  have  made  these 
articles  specialities,  and  who  are  able  therefore 
to  supply  them  more  cheaply  than  the  older 
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firms  can  produce  them.     Attention  has  been 
concentrated  on  articles  which  have  been  re- 
tained,   and    generally    the    methods    of   the 
specialised   shops   have   been  introduced  to  a 
greater  or  less  extent.     Also  the  work  has  been 
divided   amongst  different  shops  or  groups  of 
men.      In  this  way  some  firms   have  become 
specialists,  though  still  retaining  a  good  number 
of  different  articles  of   manufacture.      Others, 
and  especially  those  where  a  large  volume  of 
repairs  is  done,  have  only  partially  adopted  the 
newer  methods. 

Very  largely  the  system  of  a  shop  is  controlled 
by  its  extent.  A  small  one  is  run  on  different 
lines  from  a  very  large  one,  or  from  one  of 
medium  dimensions.  The  feature  of  the  first 
is  that  all  the  work  can  be  carried  on  under 
one  roof,  or  in  buildings  immediately  adjacent, 
that  of  the  second  is  that  departments  are 
extensive  and  occupy  large  areas  widely  separ 
ated.  Obviously  the  methods  of  supervision  of 
the  first,  which  is  mainly  personal,  are  insufficient 
in  the  second,  which  must  be  largely  clerical 
with  some  amount  of  red  tape  involved.  In  the 
shops  of  intermediate  size  the  two  systems 
overlap. 

Another  feature  whicli  ^  modifies  a  system  is 
the  size  of  the  articles  which  are  manufactured. 
The  system  which  is  adapted  to  work  in  which 
the  pieces  are  few  and  of  a  massive  character 
is  unsuited  to  that  of  small  dimensions,  Thert^ 
is,  for  instance,  little  in  common  between 
a  marine  engine  works,  and  one  manufactur- 
ing brass  goods.  In  the  first  there  is  little 
storage  and  booking  ;  in  the  second,  fittings  and 
parts  of  fittings  are  made  in  sets  and  stored. 
Piece  work  predominates  in  the  second,  but  not 
in  the  first. 

A  feature  which  chai*acterises  modern  systems 
is  the  large  place  which  machines,  gauges, 
templets,  and  jigs  occupy  by  comparison  with 
the  systems  which  are  past  or  passing.  No 
shop  can  now  afford  to  neglect  the  economies 
which  result  from  the  judicious  employment 
of  these  aids.  Tliere  ai-e  gradations  in  their 
use,  which  reach  their  highest  developments  in 
the  interchangeable  system.  But  in  classes 
of  work  to  which  this  is  only  imperfectly 
adaptable,  templets  and  gauges  supersede  han<l 
methods.      Large   dimensions   generally   set   a 
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to  the  use  of  jigs,  though  not  of  templets 
:auges. 

^nisation  is  an  essential  part  of  a  system. 
1  now  recognised  that  this  should  be 
sklised  in  the  office,  whence  all  orders  must 
ate.  In  the  past  very  much  has  been  left 
e  initiative  of  the  foremen,  and  although 
•esults  have  often  been  good  from  the 
inical  aspect,  the  practice  is  inconsistent 

keeping  complete  office  records  of  all 
8,  and  of  complete  office  control  over 
ials  and  labour.  All  orders,  including 
linutest  details,  should  emanate  from  the 
ng  office,  and  the  commercial  offices  in  the 

of  complete  drawings  and  written  instruc- 

and  the  system  must  be  carried  out  in 
16  sub-departments  of  the  works.  This 
res  questions  of  drawings  for  separate 
,  order  books  and  numbers,  relations  of 
gers,  foremen,  and  workmen,  and  system 
p^ment. 

Op  Tools. — Denotes  tools  and  appliances 
I  are  used  in  the  shops  as  necessary  to  the 
iplishment  of  work,  or  which  expedite  it. 

are  used  in  all  departments  —  foundry, 
y,  boiler  shop,  machine,  and  fitting,  and 
ng  shops.  They  embrace  all  kinds  of 
es  and  tackle,  light  and  heavy,  templets, 
i;auges,  blocks,  everything  in  fact  which  is 
included    in    the    regular    machines    and 

the  small  and  in  the  general  shop  the 
ig  of  shop  tools  is  often  carried  on  under 
erent  system  than  it  is  in  the  large  and 
ilised  ones.  In  the  former  these  appliances 
ft  in  the  hands  of  men  and  foremen,  to  be 
led  by  them  and  carried  through  without 
tnce  to  the  offices.  An  idea  occurs  to  a 
nan  or  to  a  foreman.  The  suggestion  is 
jefore  the  manager,  or  active  employer, 
liscussed.  A  verbal  sanction  is  given  to 
laking  of  the  tool  or  jig,  and  it  goes  on 
ally  without  any  sketch  or  drawing  save 
which  may  be  made  by  the  foreman,  or 
[nan.  Material  and  time  are  charged  either 
3ls  for  the  job  for  which  the  jig  is  made, 
1  is  the  proper  way  to  charge,  or  an  open 
nt  is  kept  in  the  offices  for  shop  tools,  and 

are  charged  to  that,  irrespective  of  the 
x>  which  they  belong,  which  is  a  loose  way 


when  applied  to  the  machine  shop.  The  justi- 
fication of  the  latter  is  that  tools  once  made  are 
frequently  kept  for  future  general  use,  and  their 
charge  should  therefore  be  spread  over  all  the 
work  done,  and  a  percentage  of  cost  added  to 
every  job. 

But  in  a  fair  system  there  is  a  place  for  both, 
and  the  settlement  of  such  matters  must  be 
made  after  a  consideration  of  each  individual 
case.  If  a  tool  is  of  so  special  a  character  that 
it  is  unlikely  to  come  in  for  other  jobs,  then  its 
full  charge  should  be  made  on  that  for  which  it 
is  designed.  But  if  it  will  do  duty  for  future 
orders  then  it  may  be  made  a  general  charge  on 
the  shop  tools.  The  following  may  be  given  as 
examples  of  what  is  meant. 

If  a  drilling  templet  is  made  for  a  certain 
size  of  flange  in  a  class  of  work  that  will  be 
repeated  unchanged  for  a  term  of  months  or 
years,  then  it  may  go  down  to  general  shop 
charges,  the  cost  being  infinitesimal  on  the  first 
order.  If  a  set  of  tools  is  rigged  up  for  machin- 
ing a  spindle  of  a  common  type,  the  cost  may  be 
charged  to  the  department  and  not  to  the  first 
order.  If  moulding  boxes  are  made  for  a  new 
order,  they  may  often,  with  or  without  slight 
modifications,  be  retained  for  general  service,  and 
then  a  small  percentage  of  the  first  cost  only 
should  be  charged  to  the  job.  If  a  bending 
block  of  a  certain  size  is  wanted  in  smithy  or 
boiler  shop,  unless  its  form  is  very  special,  it 
should  be  charged  into  general  shop  tools.  If 
a  set  of  patterns  is  m^de  for  a  job  to  be  often 
i-epeated,  the  cost  should  not  in  fairness  be 
lumped  on  the  first  order  given. 

On  the  other  hand,  if  a  jig  has  to  be  made 
for  an  unusual  form,  or  for  an  occasional  job 
which  is  not  likely  to  be  repeated,  the  charge 
to  general  shop  tools  is  unjust,  and  the  whole 
charge  should  be  borne  by  the  order  for  which 
it  is  made.  So  with  special  bending  blocks, 
awkwardly  shaped  moulding  boxes,  as  those  with 
curved  or  diagonal  joint  faces,  or  of  tapered 
or  angular  outlines;  so  also  with  patterns  for 
single  orders,  and  patterns  for  shop  tools  which 
once  made  may  never  be  repeated.  The 
frequent  custom  in  works  is  to  destroy  such 
classes  of  tools  after  they  have  served  their 
purpose  rather  than  lumber  up  stores  or  yard 
room  with  them. 
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Shoring'.  —  Supporting  or  blocking  up 
nmssive  work  with  props  or  struts  of  timber. 
It  is  adopted  in  all  kinds  of  heavy  erections 
and  in  shipbuilding. 

Short  Columns* — Denotes  those  in  which 
the  length  is  less  than  thirty  times  the  external 
diameter.  They  fail  by  a  compound  strain — 
compressive,  and  transverse.  The  breaking 
strength,  w^  of  a  long  column  of  similar  type  is 
first  found,  and  then  that  of  the  short  column  is 

deduced  by  the  formula: — w?  =  ^,>      „v-  where 

W  is  the  breaking  strength  of  the  long  column, 
and  c  the  crushing  strength  of  the  material  of 
which  the  column  is  made,  x  the  sectional  area 
of  the  column. 

Short  Heat. —  Making  a  short  length  of  a 
bar  hot  in  a  smith's  fire  for  the  purpose  of 
localising  work  on  it,  as  in  upsetting  and  weld- 
ing. If  a  long  portion  were  heated,  it  would 
become  bent  or  distorted  by  the  work  done. 
The  portion  which  is  not  to  be  heated  is 
covered  with  slack  coal. 

Short  Link  Chain.— aS^c^  Chains. 

Shovels. — Used  by  moulders  for  box  filling 
and  sand  mixing. 

Shrinkage. — A  term  which  is  generally 
used  as  synonymous  with  contraction,  to  de- 
note the  diminution  in  bulk  which  occurs  when 
a  body  cools  down  from  the  molten  condition 
to  atmospheric  temperature.  This  occurs  in  all 
metals,  excepting  antimony  and  bismuth.  Its 
amount  varies  considerably  with  diflFerent  metals 
and  alloys,  and  with  the  same  under  variable 
conditions  of  moulding  and  pouring.  Coefiicients 
of  contraction  are  taken  in  the  pattern  shop 
and  foundry  in  the  practical  form  of  a  definite 
allowance  added  per  foot  in  the  construction  of 
the  pattern;  and  in  the  smithy  per  foot  of 
forging.  For  convenience  the  former  are  em- 
bodied in  the  contraction  ride,  for  iron  and 
brass.  But  it  is  well  understood  that  such  a 
rule  must  be  used  with  judgment,  and  the 
allowances  for  shrinkage  increased  or  lessen^^d 
in  certain  jobs. 

It  has  been  proposed  to  make  a  fine  distinc- 
tion between  the  terms  shrinkage,  and  contrac- 
tion, retaining  the  first  to  signify  the  cooling 
down  from  the  molten  to  the  solidified  state, 
and  the  second  to  denote  the  cooling  which 
164 


goes  on  from  solidification  to  the  cold  state. 
Except,  however,  as  a  convenient  distinction 
for  the  purpose  of  assisting  the  study  of  certain 
phenomena  which  are  associated  with  shrinkage 
it  has  no  practical  value.  All  the  workman 
wants  to  know  is  as  exactly  as  possible  the 
difference  in  dimensions  of  a  casting  (or  forging) 
when  made,  and  when  cold. 

The  phenomena  of  shrinkage  is  easily  de- 
monstrable in  two  or  three  ways.  If  an  open 
mould  is  poured,  the  metal  can  be  seen  visibly 
shrinking  away  from  the  sand  at  the  edges  as 
the  cooling  proceeds.  If  a  closed  mould  is 
opened  by  lifting  the  top,  without  disturbing  or 
breaking  the  sand  in  the  bottom,  an  open  space 
of  \  in.  or  more  is  seen  in  a  fair  sized  casting 
between  the  edges  of  the  casting  and  mould. 
If  a  rather  massive  mould  is  poured,  and  not 
fed  with  fresh  metal  to  compensate  for  shrinkage, 
the  top  of  the  casting  will  be  found  depressed, 
or  else  there  will  be  a  big  draw  or  open  space 
somewhere  in  the  casting  where  the  heaviest 
body  of  metal  is  massed.  If  a  portion  of  a  long 
casting  is  tied  by  something  which  will  not 
allow  the  casting  to  shrink,  then  fracture  will 
occur.  This  may  be  a  hard  mass  of  core  in 
the  casting  itself,  or  a  bar  or  stay  in  the 
moulding  box.  If  the  length  of  a  pattern  is 
compared  with  that  of  the  casting  moulded 
therefrom,  the  latter  will  be  found  shorter  than 
its  pattern. 

Speaking  of  a  casting  being  tied  in  such  » 
way  that  shrinkage  is  prevented,  opens  up  » 
very   wide   set   of   conditions   which   are  ever 
present   in   the   foundry.      We   said   that  the 
contraction  rule  must  not  be  relied  on  absolutely- 
That   is,  one   casting,  say  in   iron  will  shrink 
more  or  less  than  another  casting  poured  from 
precisely    the    same    metal.      Sometimes   this 
diffei'ence  in  shrinkage  is  not  necessarily  absolute. 
We  may  concede  that  the  metal  if  unfettered 
would  shrink  alike.     It  does  not  do  so  because 
it  is  in  some  way  or  another  held  in  bondage, 
or  else  the  mould  does  not  retain  its  dimensions. 
The  difference  then  does  not  lie  in  the  metal, 
but  in  the  mould.     Yet  it  has  to  be  taken  into 
account,  since  the  ultimate  dimensions  of  the 
casting  is  the  essential  thing. 

If  a  light  square  casting  is  cast  around  a  centre 
of  hard  cores  it  will  hardly  shrink  across  the 
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all.     It  will  shrink  a  little  more  at 
da,  84>  that  the  sides  will  Lh*  convex  when 

But  if  the  metal  is  very  light,  the  cast- 
11  certainly  fi'acture,  Tn  such  a  case  the 
are  loosened  and  broken  up  before  the 
\  has  proceeded  far,  A  thin  pipe  of  large 
:er  would  fractun-  around   a  hard    loam 

In  case**  where  therx*  m  no  risk  of  fracture 
rinkage  may  be  checked  so  much  that 
will  be  little  or  no  difference  in  the 
aious  of  the  pattern  and  casting, 
en  a  deep  mould  i,s  cast,  the  shrinkage 
\  appeai-s  less  than  the  proper  amount, 
i  caused  by  the  straiuitvf  of  the  mouki, 
>  the  hydrostatic  pressure  of  the  liquid 
There  are  wayt^  of  guarding  against 
but  the  phenol  uena  must  l>e  taken 
t  of. 

Sf  and  temperature  of  metal  exercise  an 
ice  on  tlie  shrinkage.  A  tliin  easting  will 
>nnally  if  its  shrinkagiT  is  unobetructefL 

hea\'y  i>ne  will  not,  one  reason,  outside 
i  straining  just  mentioned,  Ijeing  that 
ber  portions  set  firmly,  while  the  interior 
,8  in  a  semi- molten  state.  The  latter  in 
;  is  bound  by  the  exterior,  and  the  metal 
$^$m  itself,  or  towaixls  the  outer  portions 
ff%et.  Tlie  i"esult  is  an  open  crystaUisa' 
i  the  central  areas,  and  in  many  cases 
cavities — dratrs — destitute  of  metal* 
mould  is  poured  with  dead,  or  dull  metal, 
inkage  will  lie  less  than  as  though  hot 
wei*e  used.  Different  grades  of  metal 
liiTerent  shrinkages.  Thus  chilling  and 
irons  shrink  nioi^  than  ordinary  mixtures, 
on  more  than  gocxl  mottled* 
arent  discrepancies  often  arise,  not  from 
rinkage  being  so  erratic  as  it  is  believed 
but  because  the  mould  i.^  not  of  the  same 
i  the  pattern.  In  cheeking  shrinkage 
^re  the  mould  is  the  thing  to  measure, 
ifference  may  be  due  to  excessive  rapping, 
mending  up  of  broken  parts,  to  the  sweep- 

of  portions  of  work,  to  l>ad  jointing  of 
loo»ie  piece^s,  grids,  drawbacks,  cores,  <ke. 
n  what  has  been  said  it  hi  obvious  that 
?«tion  of  shrinkage  is  not  one  which  affect-s 
■uracy  of  diineni^ioiis  only.  That  may  be 
1  matter  when  machiniiig  has  to  follow, 
iparison  with  the  evil  a  that  result  from 


exce^ssive  straining,  due  to  the  pull  of  tioine 
shrinking  parts  again.st  others  which  are  not 
able  to  accommodate  themsclve?^  U)  the  shrinkage 
stresses.  If  thick  und  thin  parts  are  cant 
ivdjaeant,  and  tied  in  such  a  way  that  the  shrink- 
age of  one  is  interfered  with  by  that  of  the  other^ 
then  the  weaker  parts  will  either  beconie 
stressed,  or  bent,  or  bi"oken,  depending  on 
conditions.  This  is  the  reason  why  cai'eful 
proportioning  has  to  be  done  in  metals  which 
are  weak  in  tension,  as  cast  iron,  or  which  are 
highly  contractile^  like  cast  steeL  It  also 
explains  why  many  castings  wouhl  camber"  or 
curve  in  cooling  if  the  pattern  were  not  cam- 
bered the  reverse  way  in  tlie  first  plact*  to 
counteract  it. 

Shrinkage  Head,  —  Synonymous  with 
Head  Metal  and  Feeding, 

Shrinkage  Hole, — A  cavity  in  the  central 
portitui,^  u^  a  casting  caused  by  the  metal  slirink- 
ing  away  from  the  centre  in  cooling.  See 
Shrinkage. 

Shrinking  Fit  Shrinking  on-— Relates 
to  the  practice  of  eflfecting  a  tight  fit  between 
a  hole  and  a  pin  or  centre,  by  taking  advantage 
of  the  expansion  and  contraction  of  metal  with 
%arying  tempemtures.  It  is  ntilisetl  in  shrink- 
ing railway  wheel  tyre^i  around  their  centres, 
erank  webs  round  their  pins,  and  shafts  and 
cylindei's  on  their  Hners,  and  many  lesser  used 
portions  of  mechanism.  The  heating  nuiy  have 
to  l>e  done  to  a  high  temperature  —a  good  i-ed— 
as  when  the  bore  of  a  tyre  has  to  be  slid  over  a 
cheek  on  a  centre  In  the  case  of  cnink  webs, 
and  cylinders,  a  slight  warming  suffices.  Much 
care  has  to  be  exercised  to  avoid  the  sticking  of 
pieces  which  are  being  shrunk  on,  before  they 
have  been  adjusted  U>  their  exact  positions. 
If  that  happens,  heat  has  to  be  applied  U) 
the  outer  portion  while  the  interior  is  kept 
cooL  Old  |Mirts  are  s<imetimes  se|>ai*ated  in 
this  way  by  a  reversal  of  the  proce^  of  shrink- 
ing on. 

This  method  of  titting  has  given  the  term  to 
suitable  allowances  to  l*e  m&de  in  such  caieSy 
termed  jnh  r i  n  h  JiU, 

Shrink  Rule-— A  term  sometimes  applied 
to  tiie  pat  tern uiaker's  Contraction  Rule^ 

Shroud  I^aid  Rope^ — A  ct>niuH»n  vu\m  in 
which  the  strands  are  twisted  or  laid  up  in  the 
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same  direction,  as  distinguished  from  Cable 
Laid  Ropes. 

Shroud,  Shrouding.  —  The  flanging  or 
capping  of  the  ends  of  wheel  teeth.  There  are 
two  kinds  of  flanging,  that  to  the  points  of  the 
teeth— /tt^Z  shrouding,  and  that  to  the  pitch 
lines — half  shrouding,  or  rolling  shrouding, 
because  the  edges  of  the  pairs  of  wheels  are 
in  contact  along  the  edges  of  the  flanges.  These 
edges  are  turned.  Spurs  and  bevels  are  each 
treated  thus.  It  is  adopted  in  small  and  large 
wheels  and  pinions  to  strengthen  the  teeth. 

Shunt. — A  device-  or  arrangement  of  elec- 
trical connections  for  diverting  a  portion  of,  or 
unequally  dividing  the  current  flowing  in  a 
circuit.  Used  as  a  noun,  the  word  usually  de- 
.scribes  short  pieces  or  strips  of  metal  introduced 
in  series  with  a  main  circuit,  and  being  for  equal 
lengths  of  comparatively  high  resistance  to  the 
main  conductor  to  produce  a  slight  fall  of 
potential  in  it«»  length.  Having  a  comparatively 
long  coil  of  very  high  resistance  connected  in 
parallel  with  itself,  the  main  current  at  this 
point  divides,  the  greater  portion  of  it  flowing 
on  through  the  shunt  strips,  but  a  smaller  part 
being  diverted  or  "  shunted  "  through  the  high 
resistance  coil.  This  coil  is  wound  round  the 
armature  of  an  ammeter,  or  other  device,  pro- 
ducing an  effect  therein  which  naturally  and 
automatically  varies  with  the  current  flowing 
in  the  main  circuit. 

The  word  shunt  has  many  applications  in 
electrical  work,  and  these  are  explained  wher- 
ever occurring,  as  in  Shunt  Winding^,  &c. 

Shunt  Winding. —  This  is  used  for 
dynamos  which  are  required  to  supply  constant 
pressure  at  varying  loads,  as  for  lighting  and 
power  circuits.  For  motors  required  to  run  at 
fixed  or  variable  speeds  continuously,  irrespec- 
tive of  variations  in  their  load,  this  system  is 
necessary. 

Thus,  a  motor  reijuired  to  steadily  drive 
shafting, — which  in  its  turn  may  drive  numerous 
machines,  any  one  or  more  of  which  may  be 
-started  or  stopped,  loaded  or  unloaded,  without 
affecting  to  an  appreciable  extent  the  speed  of 
the  others, — would  have  its  fields  excited  by 
.shunt  windings. 

Or,  a  motor  driving  independently  a  given 
machine  wherein  some  parts  of  its  operations 
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require  to  be  done  at  different  speeds  according 
to  the  size  or  character  of  the  work,  such  as 
lathes,  drilling  and  boring  machines,  pumps, 
«bc.,  would  also  have  shunt  windings.  Shont 
windings  with  regulating  rheostats  give  more 
exact  and  longer  ranges  of  adjustment  with 
more  economical  running  of  the  motor  than 
does  regulation  by  control  of  the  armature  or 
in&in  current  by  series  regulation,  and  the 
motor  will  continue  to  run  steadily  at  the 
predetermined  speed  whatever  the  load  (within 
its  proper  range)  may  become. 

Hence  a  Series  Winding  is  used  only 
where  speed  automatically  varied  to  suit  the 
work  is  required.     See  also  Dynamo,  «fcc. 

Shut,  Shutting^. — The  terms  usually  em- 
ployed by  smiths  to  denote  a  weld,  and  the 
making  of  the  same. 

Shutting  Link. — A  chain  link  which  unites 
a  piece  of  chain  to  a  lifting  hook  or  ring.  It  is 
made  of  iron  about  ^  in.  larger  than  that  used 
in  the  chain,  and  the  link  is  J  in.  or  |  in- 
larger.  This  is  to  ensure  a  margin  of  strength, 
and  to  facilitate  the  work  of  welding  or  shut- 
ting up. 

Side  Chisel. — The  chisel  of  tKe  wood  turner. 
It  is  a  double  bevelled  tool,  and  its  edge  lies  at 
an  angle  with  the  chisel  lengthwise.  Its  obtnse 
angle  is  presented  when  turning,  the  chisel 
being  held  on  the  rest  with  its  cutting  edge  at 
a  'tangent  to  the  revolving  work.  Only  a 
portion  of  the  edge  is  in  operation,  say  from 
^  in.  to  J  in.  away  from  the  comer.  The 
handle  is  gripped  firmly  by  the  right  hand,  and 
the  cutting  edge  manipulated  with  the  left- 
When  the  tool  is  used  for  cutting  downwards 
in  a  direction  approximating  to  the  perpen- 
dicular, or  for  cutting  oflF,  the  acute-angled  end 
is  presented.  Then  the  keen  corner  only,  and 
not  any  sensible  length  of  cutting  edge  is  in 
operation.  This  is  a  true  cutting  tool,  capable 
of  producing  a  very  clean  face.  Firmer  chisels 
are  used  also,  but  only  as  scrapes. 

Side  Hlevation. — A  view  taken  against 
the  perpendicular  face  of  the  side  which 
corresponds  with  the  longer  dimension  of  an 
object. 

Side  Frames,  or  Side  Cheeks.— The 
main  frames  by  which  the  mechanism  of  cranes 
is    supported.     Various    shafts    pass    through 
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bearings  in  the  frames  to  carry  the  gear 
wheels  and  drums.  The  frames  and  gears 
form  the  superstraetui*e,  as  distinguished 
from  the  bed,  truck,  or  foundation,  as  the 
case  DMiy  be.  They  are  made  of  cast  iron, 
or  steel-plated,  or  built  up  of  plain  rolled 
sections. 

Side  Hooks. — The  coupling  hooks 
of  railway  wagons  which  flank  the  draw 
hook. 

Side  Lever  Engine. —  A  type  of 
paddle  engine  nearly  universally  adopted 
in  the  earlier  years  of  steam  navigation 
until  supplanted  by  the  oscillating  cylinder 
engine.  The  last  engines  of  this  kind  in 
the  Atlantic  service  were  fitted  in  the 
Scotia,  1862.  It  might  be  considered  as 
•essentially  an  inverted  beam  engine,  the 
side  levers  being  identical  with  beams. 
The  cylinders  were  set  vertically  on  the 
base  plate.  The  piston  rod  was  connected 
by  a  crosshead  above  to  two  side  rods 
outside  the  cylinders.  The  opposite  ends 
of  the  jBide  rods  were  pivoted  to  one  end 
of  the  beams,  the  other  ends  of  the  beams 
being  pivoted  to  the  connecting  rods, 
whence  the  cranks  rotated  the  paddle 
•shaft.  The  design  had  the  merit  of  keep- 
ing the  heavy  parts  low  down  in  the  hull. 

Side  Planing  Machines.  —  These 
are  characterised  by  a  travelling  tool  arm 
which  moves  over  the  work  attached  to 
a  table  or  tables  at  the  side  of  the 
machine.  The  moving  mass  is  limited  to 
the  arm  and  its  fittings,  and  is  uniform 
alike  for  heavy  and  light  work.  There 
is  no  limit  to  the  width  of  the  work  which 
can  be  operated  on,  as  there  is  in  the 
housing  design  of  machines,  or  even  in 
the  open-side  machines  in  which  one  hous- 
ing is  omitted,  or  is  removable,  but  in 
which  the  work  is  still  earned  on  a  table 
underneath  a  fixed  tool  arm.  There  is 
a  limit  to  the  width  that  can  be  tooled, 
due  to  the  elasticity  of  the  tool  arm,  but 
that  is  often  less  serious  than  the  limit 
to  width  of  work  imposed  by  the  common 
machines.  About  60  in.  is  the  widest 
available  breadth  which  can  be  covered 
by   the   largest  side   planers.      A    great 
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length  is  available,  and  these  machines  will  reversing  shafts  and  wheels  are  dispensed  with, 
plane  from  2  ft.  to  30  ft.  in  length,  with  the  These,  with  some  lesser  advantages  which  will 
advantage  that  the  length  of  shop  room  required      be  obvious  on  a  study  of  this  machine  type, 
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is  only  half  that  of  the  common  planer  in  which  sufficiently  explain  the  gre^t  popularity  which 

the  table  has  to  run  to  and  fro.     There  is  far  it  has  achieved. 

less  mass  to  be  carried  and  reversed,  and  the  The   Figs.   179  to  185  illustrate   a   machine 
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►  plane  up  to  6  ft*  long  by  20  in.  wide*  It  is 
of  medium  dimensional  and  is  built  with  a 
bed  carried  on  feet.  The  i^maller  machines  are 
of  box  bed  pattern,  reaeliing  to  the  ground  with 
a  japreAding  base. 

Tn  FiL'.  179  the  bed  A  is  carried  on  two  feet 


4V& 


\      th 


Fig.  IHI,— Knlargt'd  Vit+w  of  Striking  Oear. 


I  ted  do  Mm  to  a  suitable  fuundation^  witli 
C|  ill  front  enclose* I  with  masonry.  The 
value  of  the  pit  is  very  great  in  taking  work 
which  is  t4X)  deep  k>  be  got  in  between  the  tool 
iiod  the  flfM^r.  Two  knee  work  tables^  i>  D,  are 
adjustable  vertically  on  saddles  K  e^  which  are 
juijustable  along  the  l>ed  faoe.  Both  tables  and 
carriages  fit  by  strips  in  grfK>ves^  and  are  secure<i 
by  t-ee-head  bolts.  The  vertical  movement  of 
the  tables,  effected  by  a  handle  at  the  front  at 

through  bevel  wheels,  and  a  screw  i\  is  essen- 
tial for  adjustment  of  the  height  of  work,  since 
the  tool  arm  remains  at  a  constant  heiglit.  The 
tables  have  tee  grooves  at  the  sides  as  well  as 
on  top,  since  it  is  often  convenient  or  nece.ssary 
to  iKjIt  large  pieces  at  the  sides. 

The  driving  arm  n  with  its  sliding  carriage,  or 
E*addle,  Fig,  180,  ii,  ai*e  features  of  interest.  As 
the  overhang  of  the  arm  would  be  a  source  of 
tremor,  and  of  t4:)rsional  effect,  precautiona  are 
taken  to  prevent  or  minimise  these  evils.  The 
carriage  is  longer  than  the  ai*m  which  is  attached 
to  it.  Als^j,  instead  of  being  guided  by  edges 
at  front  and  back,  the  guidance  takes  place  on 
the  l>ack  fihear  &  only,  and  the  width  of  the 
guitiing  member  b  compai'ecl  with  the  length  kA 
the  carriage  is  as  one  to  eleven,  This^  with  the 
gibbing,  is  seen  in  Figs.  179  and  180. 

The  carriage  is  ti-a versed  and  reversed  by  a 
double-threaded  screw  .t,  Fig,  180,  from  the 
pulleys  K  antl  l  respectively.  The  cutting 
speed  may  be  as  high  as  40  ft,   per  minute. 


and  the  return  100  ft.  The  two  fast  pulle\^s, 
seen  in  section  in  Fig.  ISO,  are  adjacent  to  each 
otber^  flanked  by  the  loose  pulle3^s  on  the  out- 
side. The  screw  shaft  and  pulleys  are  well 
supported  by  a  bracket,  and  bridge  piece.  Tlie 
striking  gear  is  actuated  ffoni  the  rod  m,  on 
wliich  are  the  adjustable  dogs 
e,  e?,  which  are  struck  by  horns 
tf,  d  on  the  aide  of  the  tool 
arm.  Tlie  rod  M  moves  th<* 
arm  n  and  slide  bir  0,  which 
actuates  the  l>elt  forks  P  and 
Q.  These  are  shown  enlarge<l 
in  Fig.  181. 

The  stnkhig  bar  M  is  also 
made  to  impart  the  down,  and 
cross-feed  to  the  tool  box,  thus. 
In  the  left-hand  bearing  lu 
which  carries  the  bar  M,  a  bush  encircling  the  bar 
has  two  cam  grocjves,  Fig.  182,  into  which  studs 
that  pass  through  the  bar  enter.  The  effect  is, 
tn  combination  with  the  action  of  the  horns  d,  d^ 


Fig^  182. — Cams  for  Impartiag  Down- feed 


to  give  a  twist  or  partial  rc*tation  t<j  the  bar 
through  an  angle  of  1  *20'.  These  ht^rns  it  will 
be  noted  have  spiral  edges,  and  they  thrust 
against  rollers  on  the  stops  e,  e,  so  working 
nearly  frictionless. 

The  arc  movement  of 
the  rod  m  is  ti'ansmitted 
to  the  feed  through 
mitre  gears  e,  and  shaft 
s,  to  segmental  geai^  t, 
at  the  end  of  the  tool 
arm.  Fig.  180,  also 
shown  enlarged  in  Figs. 
18a,  184,  A  ratchet 
feed  It,  Fig.  180,  is  actu* 
ated  therefrom,  whencse 
gears  operate   the  feed 

screw  for  cross  travet^e  of  the  tool  box  v. 
Fig.  179,  and  the  splined  rod  w,  for  tlie 
down 'feed,  Fig.  185.  The  details  of  the  UmjI 
box  are  clearly  seen  in  this  figure.     Compare 
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with  the  enlarged  details  of  the  ratchet  feed, 
Fig.  184. 

The  ratchet  gear,  Fig.  184,  shows,  the  seg- 
mental gears  t,  which  give  a  partial  rotation  tc 
the  crank  disc  e\  this  disc  has  a  sliding  nut 
and  pin,  which  can  be  adjusted  across  .the  slot, 
and  clamped  by  a  knurled  wheel.     The  lever  J 


Fig.  184.— Ratchet  Feed  of  Side  Planer. 

embraces  a  bush  on  the  pin,  and  as  the  crank 
turns,  f  is  rocked  to  and  fro,  actuating  a  couple 
of  ratchet  levers,  gr,  </,  fitted  with  a  spring  pawl, 
A,  which  is  thrown  over  to  either  side  to  work 
the  wheel  j.  This  ha.s  spur  teeth,  and  they 
drive  either  of  the  two  shafts,  v  or  w,  according 
to  which  of  the  sliding  pinions  k  or  I  is  slid  into 
gear. 
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The  tool  box,  Fig.  185,  is  gibbed  to  the  ami  g, 
and  comprises  a  saddle,  wi,  having  a  swivelling 
plate,  n,  secured  with  bolts  sliding  in  vee-grooves. 
A  long  slide,  o,  is  moved  up  and  down  on  the 
vee-ways  of  n  by  the  screw  /?,  and  it  carries  the 
plate  and  clapper  tool  holder  y,  which  may  1)6 
angled  upon  o  and  secured  by  two  bolts.  The 
tool  is  gripped  by  the  end  of  the 
single  set-screw.  The  movements 
are  obtained,  first  across  the  rail 
by  the  screw  v,  already  mentioned, 
working  in  a  nut  screwed  to  the 
back  of  m,  and  the  up  and  down 
motion  by  turning  the  screw  ;> 
from  its  squared  end.  The  auto- 
matic feed,  derived  from  the 
splined  shaft  w  takes  place 
through  mitre  gears,  r,  the  inter- 
mediate pair  being  passed  through 
the  body  of  w,  and  are  united  by 
a  screw  and  dowels  as  seen  in  the 
separate  detail  to  the  left.  The 
last  gear  encircles  the  screw  /> 
loosely,  and  rotates  it  by  means  of 
a  key  entering  into  the  spline 
running  longitudinally  through 
the  threads.  There  is  a  differential 
arrangement  where  /?  enters  ?*,  t^) 
take  up  slackness ;  a  nut  or  gland 
threaded  externally  with  a  thread 
of  finer  pitch  than  that  of  the 
screw,  is  turned  in  a  little  as  re- 
quired, and  locked  with  a  nut. 

Fig.  186,  Plate  XIV.,  shows  a 
side  planer  operating  transversely 
on  a  bed  for  an  air  compressor. 
This,  as  will  be  seen,  would  be 
too  long  to  go  between  the  up- 
rights of  an  average  planer,  but 
^  it    is    tooled    with    ease    on    the 

side  planer,  resting  on  the  table 
of  the  machine  at  the  one  end,  ami 
on  blocking  at  the  outer  end.     It  ma}'  be  notal 
that  the  pit  in  front  of  the  planer  is  partly 
boarded  over  when  not  in  use. 

The  advantage  of  the  side  planer,  due  to  the 
reciprocation  of  the  light  tool  arm  in  place  of 
that  of  the  massive  table  and  work  is  seen  in 
the  tooling  of  isolated  facings  on  large  areas. 
Instead  of  going  across  these,  and  cutting  wind 
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in  the  spaces,  each  facing  is  tooled  separately. 
All  the  disadvantages  of  a  moving  table,  and 
the  devices  to  minimise  them,  stated  in  the 
articlf^  Planing  MachineSiare  avoided  in  the 
side  planem. 


I'emains    in   the    same  position    of    overhang. 
And   whereas   there    are  two  sets  of  sliding 


An  ailvantaj^  \A  having  two  work  tables 
available  is,  in  addition  to  tlie  fact  that  lon^ 
pieces  can  be  carried  thu^,  that  a  i^hort  artit^le 
can  Ix^  tix>lwl  on  one,  while  another  piece  is 
being  ^il^X  on  \Sw.  other  lAble. 

Com  pari  Hou  is  sonietimeH  made  between  the 
shaper  and  the  side  planer.  Thei*c  is  a  simi- 
larity ^  but  the  advantages  are  in  favour  of  the 
latter,  Tho  sbapei*  arui  becomes  less  rigid , 
receiving  less  support  as  it  moves  outwards, 
while   thn)ugh   a   single    cut   the   i)laner   arm 
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surfaces  in  the  shaper,  there  is  only  one  in 
planer. 
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Side  Tool. — A  chisel  like  tool  used  as  a 
scrape  by  wood  and  metal  turners  for  operating 
on  surfaces  which  lie  with  more  or  less  approxi- 
mation to  the  axis  of  the  lathe.  It  is  a  right- 
hatid,  or  a  le/t-haiid  side  tool,  signifying  that 
the  bevel  of  the  edge  turns  a  right,  or  left 
handed  surface  respectively.  Or  a  tool  may 
combine  both  angles,  in  which  case  it  is  termed 
a  diamond  point.  The  slope  of  the  edges  of 
these  tools  may  range  from  30"  to  60"  with  the 
shank.  The  greater  the  slope  the  deeper  can 
they  penetrate  in  narrow  spaces. 

Siemens  Process. — The  process  of  making 
Open-Hearth  Steel  by  the  removal  of  carbon 
and  silicon  from  pig,  using  iron  ore  as  the 
oxidising  agent.  In  the  Martin  method,  steel 
scrap  was  first  used  without  ore,  the  scrap  being 
dissolved  in  a  bath  of  molten  pig.  At  present 
pig,  ore,  and  scrap  are  used,  so  that  the  differ- 
ence between  the  Siemens  and  Martin  processes 
has  ceased  to  have  any  practical  importance. 

Sieve. — The  sieve  is  used  in  foundries  for 
the  purpose  of  sifting  sand  over  moulds  and 
patterns.  The  facing  sands  are  sifted  over  thus, 
but  for  mere  box  filling  the  shovel  is  used.  A 
riddle  is  a  sieve,  but  it  is  usual  to  distinguish 
between  the  two,  the  sieve  having  finer  meshes, 
which  range  from  eight  holes  per  lineal  inch 
downwards,  and  the  riddle  from  1-in.  down  to 
i-in.  meshes.  Eighteen  mesh  is  the  finest  sieve 
made  for  ordinary  ironfounders^  use,  but  for 
parting  sand  for  brass  work,  meshes  as  fine  as 
twenty-six  are  used.  Riddles  and  sieves  range 
from  14  in.  to  20  in.  diameter.  They  are  made 
with  iron  wire,  galvanised  iron  wire,  and  brass 
wire. 

Sight  Feed  Lubricator— *S'ee  Lubri- 
cators. 

Sight  Holes. — Holes  in  the  sides  of  fur- 
naces through  which  the  process  of  melting 
down  can  be  watched.  They  occur  in  cupolas, 
where  they  are  covered  with  mica,  and  in  hot 
blast  stoves,  and  gas  producers. 

Silent  Feed. — A  class  of  feeding  mechanism 
used  largely  on  frame  saws,  to  impart  the  for- 
ward motion  to  the  timber.  The  up  and  down 
movement  of  the  frame  works  a  rocking  lever, 
pivoted  around  the  axis  of  a  wheel,  having 
a  vee-shaped  groove  on  its  periphery.  A  cam 
block,  or  smooth  pawl  on  the  rocking  lever 
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engages  with  the  vee-groove,  jamming  itself  on 
the  forward  movement  and  so  turning  the  wheel, 
which  in  turn  operates  the  gears  driving  the 
feed  rollers,  or  the  racking  pinions,  as  the  case 
may  be.  By  throwing  the  pawl  backwards  the 
feed  can  be  instantly  arrested. 

Silica  Bricks. — Fire-bricks  used  for  the 
linings  of  open-hearth  furnaces.  They  are  em- 
ployed for  the  portions  where  the  heat  is  most 
intense,  as  the  roofs  and  ports.  The  best  bricks 
are  made  from  the  Dinas  rock  of  South  Wales. 
They  contain  from  about  97  to  98  per  cent,  of 
pure  silica,  about  1  per  cent,  of  alumina,  and 
small  quantities  of  ferric  oxide  and  alkalies. 
The  bricks  are  made  with  from  about  1  to  2  per 
cent,  of  lime  added  as  a  binding  material,  in  the 
form  of  a  thin  paste  mixed  with  water,  added 
during  the  crushing  of  the  rock,  which  is  done 
coarsely  in  rolls.  The  bricks  are  shaped  in 
moulds,  are  then  partly  dried  by  steam,  and 
subsequently  burnt  while  stacked  in  kilns  for 
about  five  days.  After  being  allowed  to  cool 
down  they  are  removed.  They  expand  about 
J  in.  in  9  in.  in  burning.  They  are  set  in  a  paste 
of  silica  cement  and  water.  These  bricks, 
though  suitable  for  roofs,  are  not  used  for 
hearths  and  linings  which  are  exposed  to  the 
action  of  metallic  oxides.  Bricks  containing  a 
large  percentage  of  alumina  are  used  for  these 
localities. 

Siliceous  Sands. — Sands  which  contain 
maximum  proportions  of  silica,  ranging  as  high 
as  98  and  99  per  cent.  They  are  used  largely 
in  the  manufacture  of  fire-bricks,  and  as 
mortars  or  cements  in  setting  fire-bricks  in  the 
pig  beds  of  blast  furnaces.  They  are  used  by 
iron  and  steel  founders.     See  af^o  Sands. 

Silicon.— Si,  28*4;  sp.  gr.,  2*4;  melting 
point,  1200" ;  specific  heat,  '17.  With  the  excep- 
tion of  oxygen  there  is  no  more  abundant 
element  than  silicon.  It  is  not,  however,  found 
in  the  free  state,  but  in  combination  with 
oxygen,  forming  silica,  SiO^.  Flint,  quartz,  and 
sand  are  examples  of  silica  in  an  almost  pure 
state.  Glass  is  a  combination  of  silica  with  one 
or  more  basic  substances.  Clay,  mica,  pumice 
stone  and  slate  are  aluminic  silicates ;  asbestos 
and  talc  are  magnesic  silicates.  In  combina- 
tion with  oxygen  and  a  metal,  silicon  forms  a 
metallic    silicate.      As    shown    under    Sla^ 
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fur  111^  30  per  cent,  of  an  average  slug 
the  blast  furnace. 

ing  highly  infusible,  mlica,  iti  coiiibiiiation 
Blumina,  is  m\  important  coiisstituent  of  fire- 
aiid  other  materials  usecl  in  furnace  con- 
ion.     The  following  are  the  jvercentages 
|ica  111  these  mat*^ rials  : — Firebrick :  Stour- 
^  73,  Newca.stie  73,  Flintshire  88,  Leetis  77» 
jlier    65;     GaniHtHr    bricks :     Luwood    1*6, 
p&n  94  ;  Dlnas  (trichi »"  96  ;  burnt  doloifdi^  6, 
piiua    forms  the   largest    p  report  ton  of  I'e- 
png    constituents,    and  ferriu   oxide,  lime, 
^e^ia^  potash  and  soda  ai'e  pi^e^ent  in  traces, 
liai'fiening  of   Portland  cement  has  been 
to  be  due  to  the  presence  of  tvicalcium 
kte,  3CaCh8iO^. 
licon  in  of  inunen^je  importance  to  metal- 
Bts  in  iron  and  steeL     It«  effects  on  Cast 
I  are  ti'^at^l  uncle r  that  head,  and  under- 
S  Tests.     Hemarks  on  silicon  will  be 
under    Bessemer    Steel   and   other 

^fcy.  —  Denoteit    a    particular    aspect    of 

lured  surfaces  in  iron  and  steel,  being  the 

Ifiite   of  granular.       When   a   specimen    is 

;  asunder  slowly,  the  ruptured  surfaces  will, 

jood  toogh   material  show   a  well   marked 

ly  fibrous  aspect,  as  though  the  metal  wei^e 

of    bundlevH   of    threads    of    glossy 

laL      Inferior  metal  will  approach  more 

e   crv^stiiUine   aspect-,    while   inter  mediate 

will  manifest  b<:ith  a^spects.     It  must 

in    mind    that   the  silky  fibre  only 

ra  when   the  ruptui^e   h   gi'adual      The 

bftTi  which,  torn  asunder  slowly  will  he 

in.  character,   will   if  raptured   instantly 

crystiilline  surfaces. 

Pver* — A^   107*13;   sp,   gr.,   105;  weight 

per  cubic  foot,  654  ;   weight  in  lb.  per 

inch,  '377  ;  modulus  of  elasticity  in  !b., 

|0O,OOO ;  specific  heat,  '0557  ;  melting  point, 

1573"  Fahr, ;  coefiicient  of  expansion  by 

'00001055  ;  latent  heat  of  fusion,  38-0. 

ver  is  found  native,  and  combined   with 

lUr,    antimony^    chlorine,    and     bromine. 

I&a,    the    principal    oi^    of    lead,    contains 

PB    of    silver    in    Kutficient    quantities    to 

ran  tee  pi'ofi  table  extraction.      The  lead  is 

jected  to  the  operation  of  cupellation,  *,«♦, 

I  oxidise*!  in  a  reverberator?  furnace  on  a 
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bed  of  bone  ash,  a  bla^t  of  air  being  blown  aci'osa 
it  during  the  operation.  Owing  to  the  acuity 
which  mercury  pi>ssesses  for  silver,  the  proce^^ 
of  amalgamation  is  also  employed  with  aanw 
ores,  the  mercury  being  afterwards  dri^'en  oft 
by  distillation. 

Tlie  ore  is  rt>asted  with  common  salt  to  form 
silver  chloride,  and  crushed  in  stamp  Imtterieij, 
water  being  admitted.  The  ore  mud  is  tiext 
placed  in  settling  pits,  and  e%*entually  placed  in 
amalgamating  pans,  Hei"e  the  ore  is  pressed  to  a 
pulp,  mercury  is  adcled  and  an  amalgam  formed 
fn>m  which  the  merciny  is  driven  off  by 
distillation. 

Silver  is  extremely  ductile  and  malleiible,  and 
is  a  better  conductor  of  beat  and  electricity  tlmn 
miy  other  metal.  It  is  insoluble  in  hydrochloric 
acid,  but  readily  disisolves  in  nitiic  acid  or  hot 
sulphuric  acid. 

Electro-plating  is  the  process  of  dep(.>siting 
silver  on  the  surface  of  some  baser  ineta.L  The 
object  is  placetl  in  a  solution  of  cyanide  of  silver^ 
in  cyanide  of  {xitassiuni.  The  current  fnjm  the 
battery  decomposes  the  cyanide  of  silver,  and 
deposits  the  metal  on  the  suspended  object. 

Simple  Train* — A  pair  of  gears  comprising 
one  pinion  and  one  wheel  only,  A  ct impound 
ti-ain  comprises  two  or  moi^  jwtirs.  Ses  Scrcw 
Cutting. 

Simpson's  Rule*  —  This  is  a  method  of 
finding  the  approximate  area  of  irregular  figures 
<Fig.  IJ^T),  to  which  the  oHinary  I'ules  for  find- 
ing the  area  cannot  be  applied.  The  method, 
is  illustrated  in  the  first  of  the  thi^ee  figures. 
A  number  of  straight  lines  are  dra^Ti  at  e<jual 
dist-ances  apart  as  shown,  at  right  angles  t^i  ab, 
and  meeting  the  curve,  Tliese  lines  are  called 
ordinates,  and  the  greater  the  number  drawn, 
the  more  accurate  will  the  result  be.  Having 
fonnd  their  lengths  and  the  common  <listance 
between  ordinate  and  i>rdinate,  the  rule  is : — 
Add  together  the  first  ordinate,  the  last  ordinate, 
twice  the  sum  of  all  the  other  ijdd  ordinaU^^  and 
four  tinier  the  sum  of  all  the  even  ordi nates ; 
multiply  the  result  by  one- third  of  the  common 
distance  between  two  adjacent  ordinate**.  In 
the  figure  the  odd  ordinates  are,  «,  |f,  i^  Xr,  m ;  the 
even  ordinates  are  J\  A,  jj  L  As  an  example, 
suppose  the  *jrdinateJ!  in  this  figure  to  mea^ui'e 
1,  12,  1-3,  M,  1-5,  M,  1%3,  1-2,  1  foot  mspec- 
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tively,  and  the  common  distance  between  the 
ordinates  to  be  9  inches  or  -75  foot.  Then 
according  to  the  rule  : — 


2  0 

8-2 
20-8 

310 
•75 

1550 
2170 

3)23-250 
7-75 


The  approximate  ai-ea  is  thus  7|  feet. 


1-3 
1-5 
1-3 

4-1 
2 

8-2 


12 
1-4 
1-4 
1-2 

5-2 
4 

20-8 


Fig.  187. — Simpson's  Rule. 

This  is  obviously  a  useful  rule  for  engineers, 
and  though  it  reads  somewhat  clumsy,  may  be 
crystallised  into  a  simple  formula  if  we  denote 
the  ordinates  by  a^,  a.^,  Og,  a^,  a^,  &c.,  and  the 

common  distance  by  h.    Then,  area  =  -  (a^  +  \a.^ 

o 

+  2a8  +  ^a^  +  2^5  +  4ag  +  20^  +  ^a^  +  a^.  That  is, 
the  first  ordinate  is  multiplied  by  1  (i.e.,  un- 
altered), and  all  succeeding  ones  by  2  and  4 
alternately,  except  the  last  which  is  also  multi- 
174 


plied  by  1.    The  total  is  multiplied  by  one-third 
of  the  common  interval. 

Single  Belting.— «S«6  Belting. 

Single  Butt  Strap.  Single  Riveting  — 
8ee  Riveting. 

Single  Curve  Teeth.  —  Understood  to 
signify  the  involute  form  of  tooth,  although 
there  are  other  single  curve  teeth  possible. 

Single  Cut  File.— *Scc  Files. 

Single  Ended  Boiler. — A  boiler  fired  from 
one  end  only.  Usually  restricted  to  designs  of 
the  Scotch  Boiler. 

Single  Gear. — The  engagement  of  one  pinion 
with  one  wheel.  Often  used  incorrectly  to 
signify  a  drive  in  which  no  gear  is  used,  as  the 
direct  belt  drive  of  a  lathe,  to  distinguish  it 
from  the  back  gear  drive  or  double  gear. 

Single  Phase  Motor.— An  alternating 
current  motor  suitable  for  use  on  single  phase 
circuits.  Such  motors  will  only  operate  so  long 
as  their  phase  is  in  step  with  the  alternator, 
hence  if  overloaded  they  stop  and  cannot  l)e 
started  until  unloaded.    See  Induction  Motor. 

Single  Purchase.— The  power  gained  hv 
one  pair  of  gears,  or  levers. 

Single  Rail  Cranes,  or  Walking  Cranes 
— These  have  been  long  used  in  machine  shops, 
and  to  a  lesser  extent  in  fitting  and  erecting 
shops,  alternative  to  overhead  cranes,  and  in 
cases  where  countershaft  or  roof  arrangements 
are  not  adaptable  to  the  use  of  overhead  run- 
ways. Overhead  tracks  are,  however,  being 
used  extensively  in  cases  where  single  rail 
cranes  would  have  been  laid  down  a  few  years 
since.  The  machine  shops  of  the  Manchester 
district  and  the  North  of  England  and  Scotland 
are,  however,  still  largely  equipped  mth  the 
single  rail  crane,  which  is  an  excellent  design. 
It  occupies  no  room  save  that  of  the  particular 
location  in  which  it  happens  to  be  standing,  or 
to  be  in  service  for  the  time  being.  The  single 
rail  below,  flush  with  the  floor,  and  the  pulley 
above  which  runs  between  the  joists  or  beams 
interfere  with  nothing.  The  jib  slews  to  serve 
machines  or  benches  to  right  and  left.  The 
crane  can  be  designed  for  operation  by  hand, 
or  cotton  rope,  or  electricity.  Powers  usually 
range  between  about  1  ton  to  5  tons. 

The  general  design  of  all  these  cranes  includes 
an    under-carriage  which  carries  the    bearings 
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for  two  wheels,  one  at  fi-oot  and  one  at  rear,  to 
run  along  the  rail  in  the  floor.  The  carriage 
may  be  a  hollow  casting  in  the  smallest  cranes, 
but  it  is  built  up  of  plate  and  angle  in  other 
8izes.  Or  channels  or  plated  sides  may  be 
connected  with  cast  distance  pieces.  A  post  is 
stepped  into  the  carriage,  and  extends  to  the 
guide  rails  overhead,  within  which  it  is  steadied 
with  horizontal  rollers  carried  in  a  pair  of  bai-s. 


not  being  necessary,  since  the  radius  can  b^ 
regulated  to  any  distance  by  sle^^nng,  up  to  the 
position  at  right  angles.  For  slewing,  the  crane 
is  simply  pulled  ix>und  by  hand. 

Hand  Cranes. — In  these  a  rope  or  chain 
dependent  from  a  spider  wheel  is  used  to  actuate 
a  spur  pinion  and  wheel.  The  spider  wheel  is 
on  the  pinion  shaft,  and  the  wheel  is  on  the 
barrel   shaft  round  which  the  lifting  chain  is 


\(^\,.^i^^ kd;ik  \_ 


i~~::2!: 


Fig.  ISS.  -Single  Rail  Cnme. 


Around  the  post  the  jib  revolves.  In  all  but 
the  smallest  cranes  the  jib  does  not  slew  directly 
round  the  post,  but  forms  a  portion  of  two  crane 
sides  which  flank  the  post,  and  run  round  it  on 
horizontal  rollers.  The  tie  rods  coming  from 
the  head  of  the  jib  are  attached  to  these  sides. 
They  are  fonned  of  plain  rolled  channels,  or 
are  built  of  plate  and  angle  to  the  channel 
section.      The  jib  is  rigid,  den*icking   motion 


wound,  going  thence  to  the  pulley  at  the  end 
of  the  jib.  The  gears  are  fixed  on  the  end  of 
the  jib  close  to  the  post.  The  travelling  is  done 
by  hand  gear  carried  at  one  end  of  the  under- 
carriage. 

Cotton  Rope  Cranes, — In  these  a  high  speed 
cotton  rope,  running  along  the  shop,  drives  a. 
pulley  flanked  with  guide  pulleys  at  the  top  of 
the  crane,  keyed  on  a  vertical  shaft  alongside 
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the  post.  From  this  shaft  both  the  lifting  and 
travelling  motions  are  actuated  by  the  attend- 
ant alongside.     Slewing  is  done  by  hand. 

Electric  Craiies, — These,  in  new  installations, 
would  be  fitted  in  preference  to  hand  or  cotton 
rope  drives.  The  lifting  and  the  travelling  are 
each  done  by  separate  motors.  The  speeds 
ai-e  double  those  which  are  available  with 
cotton  rope  drives.  Slewing  is  done  by  power 
in  some  of  the  heavier  cranes. 

Fig.  188  illustrates  a  5-ton  single  rail  electric 
crane  by  Messrs  Joseph  Booth  &  Bros.,  Ltd. 
The  under-carriage  a  is  of  box  form,  built 
with  plate  and  angle.  The  sides  are  of  rolled 
joists,  as  is  also  the  jib  c.  The  hoisting  motor 
D  is  carried  on  a  bracket  platfonn.  It  also 
slews  by  bevel  gears,  driving  to  a  vertical  shaft, 
B,  with  spur  gears.  The  travelling  motor  p  is 
placed  on  the  under-carriage.  Each  drives 
through  a  train  of  spur  gears  outlined,  the  first 
to  the  hoisting  drum  c;,  the  second  to  the 
travelling  wheel  h.  Worm  reduction  is  used 
in  some  cases.  Current  is  taken  from  copper 
wires  carried  along  overhead.  J  J  are  the 
controllers.  The  pull  of  the  jib  forwards  is 
resisted  by  the  rollers  k  k  at  back  and  front  of 
the  post.  The  top  guide  rollers  are  seen  at  a  a. 
L  is  the  brake,  put  on  by  the  cord  6. 

Singles. — Sheets  which  have  been  rolled 
singly  without  doubling.     See  Sheets. 

Single  Shear. — A  rivet  or  pin  is  in  single 
shear  when  the  action  takes  place  in  one  section 
only. 

Single  Webbed  Girder. — A  girder  with 
one  central  web  only  connecting  the  flanges. 

Sinking  Pumps.— Special  pumps  employed 
for  clearing  the  water  from  mines,  shafts,  and 
foundations.  They  are  driven  by  steam  or 
electricity,  and  are  suspended  from  chains  by 
which  they  are  lowered.  The  conditions  of 
service  are  severe,  and  such  pumps  are  there- 
fore constructed  strongly,  and  with  as  few 
projecting  parts  as  possible.  In  the  steam- 
driven  types,  the  cylinders  are  placed  in  line, 
and  the  steam  inlet  and  exhaust  are  controlled 
by  internal  valves  actuated  by  tappet  or  other 
gear.  In  electric  pumps  the  motor  is  usually 
mounted  on  the  top  of  the  frame,  and  it  drives 
by  a  double  reduction  gear  to  a  crankshaft, 
actuating  the  rods  and  plungers  of  the  pumping 
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cylinders.  Treble  ram  pumps  are  used  for  very 
heavy  duty;  they  deliver  a  constant  throw, 
and  the  power  required  remains  equal  at  all 
parts  of  the  stroke. 

Pumps  of  the  Pulsometer  type  are  used 
largely  for  sinking  purposes,  being  well  suited 
for  handling  sandy  or  muddy  water.  In  the 
case  of  deep  shafts,  it  is  usual  to  fix  an  upper 
pump,  with  its  suction  pipe  drawing  from  a 
small  tank  fixed  part  of  the  way  up  the  shaft, 
and  use  another  pump  to  feed  into  this  tank, 
the  latter  pump  being  lowered  as  the  bore 
proceeds. 

Skelp. — Strips  of  iron  or  steel  prepared  for 
making  lap  welded  tubes.  The  rolled  flat  strip 
is  bevelled  on  both  edges  with  tools  in  a  draw 
bench.  The  bevelled  edges  are  bent  up  towards 
each  other  with  a  U  section,  and  the  strip  is 
then  raised  to  a  welding  heat,  and  passed 
between  grooved  welding  rolls,  and  over  a 
mandrel.  This  operation  may  be  repeated, 
after  which  the  tubes  are  straightened  in  a 
reeling  machine. 

Sketch  Paper.— Foolscap  paper  which  is 
ruled  with  faint  crossing  lines  leaving  small 
squares  of  uniform  sizes.  It  is  valuable  in 
making  hand  sketches,  because  approximate 
proportions  can  be  ensured  without  direct 
measurement. 

Sketches— Sketch  Plates.— Ship,  bridge, 
and  tank  plates  which  are  not  rectangular. 
Plates  which  are  radial,  or  sheared  to  templet, 
and  circular  plates  are  regarded  as  sketches. 
But  it  is  usual  to  make  an  exception  in  favour 
of  ship  plates  which  have  less  than  9  in.  of 
taper  in  a  straight  line.  The  extra  for  sketch 
plates  is  from  20s.  to  25s.  per  ton. 

Skewers. — Lengths  of  common  wire  from 
y\  in.  to  ^^  in.  diameter,  pointed  at  one  end 
and  formed  with  a  loop  at  the  other,  and  used 
for  retaining  Loose  Pieces  in  position  during 
ramming.  Long  loose  nails  are  often  used  as 
alternatives,  but  they  have  to  be  withdrawn 
with  pincei-s,  while  skewers  can  be  pulled  out 
with  the  fingers. 

Skew  Bevel  Gears. — These  are  also  called 
hyperboloidal  gears.  Tlieir  peculiarity  is  that 
their  axes  cross  without  intersecting  each  other. 
They  are  related  to  the  spiral  gears.  The 
wheels  are  frusta  of  hyperboloids  generated  by 
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the  revolution  of  a  straight  line  about  an  aic^iu 
with  which  it  is  not  parallel.  Their  design 
involves  a  great  deal  of  mathematics  and  they 
«re  seldom  employed,  spiral  gears  Ijeing  u^d  in 
preference.  It  is  practically  impossihie  tt>  get 
the  shape  of  the  teeth  correctly,  apart  from  a 
moulding  process.  There  is  a  particular  form 
of  the  skew  bevel  gear  which  has  been  used  to 
a  limited  extent,  in  which  the  axis  of  the  pinion 
does  not  intersect  that  of  the  wheel,  but  lies 
parallel  with  it.  The  onl}'"  way  to  get  the  shape 
of  tlie  teeth  in  this  case  is  to  make  those  of  the 
pinion  ftrst,  involute  or  cycloid al,  and  cut  the 
wheel  teeth  to  suit.  In  any  of  these  gears  the 
friction  of  the  teeth  is  excessive,  because  sliding 
action  predominates. 

Skid- — An  appliance  used  in  steel  works  for 
conveying  bhx>ms  and  slabs  from  roughing  to 
finishing  rolls.  It  comprises  a  series  of  runners 
Jir^tnged  parallel  with,  and  between  the  live 
rollers  of  the  mill  train,  and  moved  back  and 
forth  in  fi  ont  of  the  rolls  by  an  endless  chain  or 
rftpe,  and  all  operated  simultaneously  fi'om  a 
shiift  at  light  angles  with  the  rollers.  A 
tappet  standing  up  fi'om  each  runner  above  the 
roller  bed,  when  brought  against  the  edge  of  the 
bloom,  moves  it  along  laterally,  A  wheel  is 
said  to  skid  when  it  slips  on  its  rail 

Skimming.-- Preventing  the  slag  ami  scorise 
which  accumtilates  on  the  surface  of  a  ladle  of 
metal  from  running  with  the  metal  into  the 
mould.  It  is  done  by  holding  a  liat  iron  bar 
4icro6s  the  mouth  of  the  ladle,  and  thrusting 
the  scum  hack  away  ix<ym  the  mooth.  The 
term  akitf inter*  applies  to  the  bar,  and  t4>  the  boy 
who  uses  it 

Skin, — Signifies  the  outermost  film  of  metal 
«f  a  casting  or  forging.  It  is  hardier  than  the 
interior  metal,  due  to  the  presence  of  oxide,  and 
to  the  chill  which  ix^curs  in  contact  with  moulds 
in  ca«t  work,  and  with  tools  in  forgings.  The 
;  i^kin  dulls  the  edges  of  cutting  tools  rapidly, 
,  which  is  the  reason  why  a  careful  workman 
tries  to  **get  below  the  skin"  when  roughing 
^niown,  att  cutting  into  the  softer  metal  at 
^^jEKDce,  This  i*equires  sufficient  machining  allovv- 
r  ance  to  permit  of  doing  so,  hence  it  is  often 
I  desirable  in  hard  castings  and  large  forgings 
I  to  allow  ample  stuff  to  ci>me  off,  rather  than 
attempt  to  cut  it  finely.     In  small  work  where 
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allowances  are  fine,  pickling  is  resortml  to  in 
oilier  to  dissolve  the  scale,  and  leave  the  metal 
soft  enough  for  tooling.  One  advantage  of 
grinding  is  that  the  skin  may  be  gmund  off  as 
readily  as  the  softer  metal. 

On  the  other  band  there  are  m&uy  cases  in 
which  a  hard  skin  is  desirable*  It  was  an 
argument  in  favour  of  cast  geai'is  that  they  wore 
longer  than  those  in  which  the  teeth  were  cut. 
The  ti'eads  of  cast  trolley  wheels  were  preferred 
rough  to  turned.  But  the  reijuired  hardness  is 
better  secured  by  employ ing  harder  and  tougher 
metal,  and  by  the  practice  of  Chillini^^  These 
devices  ai*e  adopted  in  many  portions  of 
machinery  where  durability  is  essential.  The 
same  result  is  obtained  in  forgerl  work  by  Casc 

Hardening. 

Skin  Drying** — The  practice  of  imparting 
a  slight  degi'ee  of  haitiness  to  the  surface  of  a 
green  sand  mould  previous  to  closing  and  cast- 
ing. The  mould  is  first  brushed  with  liquid 
black  wasli,  which,  when  dried,  liaixiens,  and 
binds  the  surface  sand  together.  The  object  in 
view  is  to  prtjciuce  a  clean  smooth  surface  on 
the  casting.  This  is  in  no  sense  a  dried  sand 
mould,  which  is  of  a  diffeiH^nt  composition,  and 
is  dried  thi^oughout.  For  skin  drying,  portable 
devils  are  suspended  over,  or  lowered  into  the 
moulds,  or  heaters  simply,  if  moulds  are  of  small 
dimensions.  Moulds  of  dry  sand  are  put  into 
the  stove  bodily,  or  are  dried  in  0itu  by  currents 
of  hot  air. 

Skips, — ^Buckets  or  boxes  of  iron  or  steely 
or  sometimes  wix*d,  used  for  carrying  loose 
materials^  and  slung  up  by  a  crane.  Con- 
tractors and  builders  make  extensive  use  of 
skips.  The  simplest  kind  resemble  a  c*onical 
bucket  suspended  by  a  loop,  the  jiioints  of  con* 
nection  of  which  are  set  low  down  the  sides  of 
the  skip ;  a  forke*1  dog  in  attached  to  the  rim 
of  the  skip,  and  it  embrace^;!  tlie  loop  there. 
When  this  dog  is  knocked  upwai'ds,  the  tip 
overturns  and  discliarges  its  contents.  The 
drop-bottom  skip  is  another  variety  which 
ilischarges  without  overturning,  A  pair  of 
docrrs  are  hinged  at  the  bottom,  and  to  fall 
open  downwards  on  slackening  a  chain  passing 
np  fram  them,  so  that  the  content-s  drop  in  a 
straight  line,  exactly  on  the  spot  required. 

Slab,  -- A  mass  of  iron  or  steelj  of  i^ectangul&r 
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section,  which  has  Ijeen  reduced  by  hammering, 
or  cogging,  from  puddled  ball  or  ingot  to  diinen- 
sioQs  suitable  for  rolling  to  a  finished  shape. 
It  measures  less  in  thicknesa  than  in  breadth, 
differing  thus  from  a  blctom,  which  is  of  square 
section.  Slabs  are  used  for  rolling  plates  and 
joists,  and  similar  articles  which  are  wider  than 
they  are  deep. 

A  slab  also  denotes  the  outer  flitches  which 
are  sawn  from  timber  balks,  to  leave  cleaner 
faceja  for  the  lioiirds. 

Slabbing  Machines. —  A  synonym  for 
Piano- Milling  Machines,  in  allusion  to 
their  capacity  fur  turtliiig  large  plain  surfaces 
with  heavy  cuts. 

Slabbing  Mill* — The  rolls  in  which  ingots 
are  reduced  to  slabs.  They  are  a  particular  form 
of  the  Cogging  Rolls^  f^ui table  for  the  slab 
sections,  which  are  of  greater  width  than  thick- 
neBi).  A  central  pas^^,  broad  and  shallow,  is 
flanked  by  two  passes  relatively  deep  and 
narrow^  which  are  used  for  the  correction  of 
the  edges  of  the  slabs. 

Slack. — Signifies  an  easy  or  free  fit  between 
partSi  generally  in  the  sense  of  being  too  easy. 
Also  the  free  portion  of  a  chain  or  rope  dependent 
from  pulley  blocks.  Bmall  coal  and  breeze  are 
termed  slack. 

Slagging- — Causing  the  slag  to  run  out  of 
a  cupola  at  intervals  during  the  running  down 
of  the  metah  Tlie  more  white  the  iron,  or  the 
more  oatide  there  is  mixed  with  it,  the  more 
frequently  roust  slagging  be  done.  Good  grey 
iron  requires  but  little  slagging.  A  hole  is 
provided  for  this  just  above  the  breast  hole,  and 
a  little  below  the  level  of  the  tuyeres. 

Slags,— Anhydrous  silicates  of  lime^  alumina, 
mangane^,  magnesia,  and  of  iron,  yielded  in  the 
iron  and  steel  producing,  and  melting  furnaces^ 
or  with  other  mettillic  bases  in  the  case  of  i^^ther 
metals.  The  slag  is  produced  from  the  infusible 
siliciuuK,  calcareous,  and  other  mattei*^,  termed 
the  gangtie  of  the  oi^,  by  the  addition  of  a  flux 
to  the  charge.  Wi thou t  the  ti ux ,  large  qu anti ties 
of  ore  could  not  be  smelted  properly.  Either 
portions  of  the  gangue  would  remain  with  the 
reduced  metal,  or  if  separated  the  cost  of  smelting 
would  be  too  great. 

The  colours  of  slags  are  due  to  the  metallic 
silicates.  The  general  colour,  light  or  dark,  the 
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opacity  or  the  glassy  appearance,  the  fusiHlity, 
ai-e  affected  by  various  causes,  as  a  light  or 
heji%'y  buitien,  the  rate  of  cooling,  tlie  presence 
of  certain  oxides,  A  slag  is  lighter  than  thf 
metal,  and  fi oats  on  the  surface.  It  is  tapped 
out  frora  the  furnace  at  intervals. 

Tn  adding  a  flux  h>  a  charge  to  yield  a  alu^, 
the  flux  must  be  selected  with  i^eference  to  tlw* 
particular  natui'e  of  the  gangue.  Thus  everj 
diflerent  clai*s  of  ore  require*  difference  in  treit- 
ment.  In  a  few  cases  iron  ores  contain  eaoogh 
calcareous  material  to  be  self -fluxing.  Sometime 
the  slag  is  yielded  by  the  admixture  of  two 
classes  of  ores,  as  silicious  and  calcareous  kind^^ 
A\Ticn  this  can  be  done,  it  is  preferable  lo 
adding  foreign  non-metallic  fluxes,  l^ecaose 
economy  demands  that  a  slag  should  be  formetl 
by  the  least  possible  addition  of  foreign  matter* 
which  makes  demands  on  the  he^t  supplies. 
In  selecting  a  flujt,  one  object  desired  is  th*t 
the  slag  shall  have  a  purifying  influence  on  die 
metal,  A  familiar  instance  is  the  basic  alag^ 
of  the  converter  and  open -hearth  furnace^  in 
which  phosphorus  and  sulphur  are  removed 
from  the  liquid  metal.  The  way  in  which  a 
furnace  is  working  may  often  be  deduced  from 
the  appearance  of  the  slag.  It^^i  degree  of 
fluidity,  and  ciyatalline,  or  amorphous  fractart 
and  colour  tell  a  great  deal  to  a  practiMHJ 
furnaceman. 

Analyses  of  slags  from  blast  furnaces  sh<iw^ 
high  percentages  of  silica,  linie^  and  alumina^ 
and  of  silica  and  lime  from  steel-roakil^ 
furnaces.  Percentages  vary  at  difierent 
of  the  process,  A  typical  analysis  of 
from  Cleveland  pig  is  as  follows  :— Silica  '27'0§i 
alumina  22'28^  lime  40*12,  ferrous  oxide 
0"80,  manganous  oxide  0-20,  calcic  sulphidl^ 
2*00,  magnesia  7*27.  The  following  analysis  by 
Campbell  gives  the  composition  of  slag  from 
Siemens  steel  just  before  tapping,  being  the 
avemge  of  nineteen  heats,  using  producer  gas 
as  a  fuel :— Silica  49*40,  oxide  of  manganf^w 
(MnO)  16  50,  oxide  of  iron  (FeO)  29  7&,  oxicte 
of  iron  and  nianganese  46*29. 

The  slag  from  the  Imsic  Bessemer  proceai  i» 
ground  to  fine  powder  and  used  for.  manure. 

In  blast  furnaces  and  cupolas,  the  silicji  and 
alumina  in  the  ore  combine  with  the  fluii 
pi"oducing  a  glassy  slag  lighter  than  the  moltea 
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imd  tber^ore  floating  on  its  surface,  and 
lilrawii  off  from  the  furnace  at  a  higher 
han  the  metal.  Roughly  speaking,  the 
y  action  in  the  blast  furnace  \%  repre- 
:by  the  equation  * — 

2Fe203  +  m>^  +  CaO  +  3C  =  4Fe  + 

CaOSiO.  +  aCO^, 

a  tuatter  of  fact,  the  slag  produced  is  a 
tomplex  silicate. 

t  play  an  important  f»art  in  the  economy 
I  blast  furnace,  acting  a«  a  filter  for 
ng  the  glabuleM  of  molten  iron,  and  also 
^g  the  iron  from  oxidation  by  the  blast, 
earance  they  vary,  from  a  whitish  alnnist 
de  mass  due  to  excess  of  lime,  to  an  opaque 
t  stone, 

!is  one  of  those  waste  commercial  products 
raiting  profitable  utilisation  in  some  way, 
iniall  extent  it  is  used  in  the  form  of 
Wool 

%  Wool,  or  Silicate  Cotton-— A  pro- 
f  blast  furnace  slag,  prepared  by  driving 
I  steam  on  a  stream  of  molten  slag  as  it 
tom  the  furnace.  Portions  of  the  slag 
i^n  blown  out  in  fine  ahots,  which  in 
i  draw  fine  threads  of  slag  after  them» 
ireads  are  sucked  through  a  tube  into  a 
er  covered  with  a  fine  wire  sievCj  where 
re  deposited.  The  sJag  wool  is  used  for 
j  steam  boilers  and  pipes.  Being  fire- 
ag  it  serves  as  a  substitute  for  asbestos ;  it 
tised  as  a  aound-proof  packing,  and  being 
jted  by  damp  and  temperature,  is  used  as 
conductor  in  refrigerating  chambers.  Ste 
Conducting  Coverings, 
dge  Hammer.— *^^^  Smith's  Tools. 
feker.-— 6ee  Moulders'  Tools, 
epers  — fe  Permanent  Way. 
eire.— A  hollow  spindle,  sometime-<i  also 
1  a  quill,  or  quill  t^haft.  It  i^  a  double 
ar  spindle,  the  hole  forming  the  bearing 
haft  which  passes  through  it.  A  sleeve 
I  for  operating  two  sets  of  motions  in  the 
ttr  in  opposite  directions. 
wing,  or  Sluing,— The  turning  or  re- 
g  motion  of  a  jib  crane  around  its  post 
e  purpose  of  commanding  the  area  of  a 
5te  circle,  or  portion  of  a  ch'cle.  It  is 
plished  by  hand   in  many  small   cranes, 


by  pulling  at  the  hiwk.  In  all  others  it  is  done 
by  power.  In  a  abeam  crane  a  set  of  gears  is 
designed  for  this  purpose,  in  hydraulic  cranes 
there  are  turning  cylindt^rs  lying  horizontally, 
in  electric  cranes  a  separate  motor  is  generally 
employed. 

The  mechanism  of  turning  includes  toothed 
gears  and  rollers  in  steam  cranes.  Bevel  gears 
from  the  engine  shaft  drive  to  an  internal  or 
external  ring  of  teeth  on  the  l>ed,  and  rollers  on 
the  bed,  or  round  the  post,  or  both,  steady  the 
movement.  The  heaner  the  crane  the  larger 
the  slewing  ring,  which  in  the  largest  cranes 
may  be  from  30  ft.  to  40  ft,  diameter.  In 
hydraulic  cranes,  a  chain  fitting  in  a  cupped 
chain  pulley  u,sually  pulls  the  crane  round.  A 
rack  and  wheel  are  sometimes  used.  In 
electric  crane^j  gears  are  driven  directly  by  a 
motor  through  reduction  gears,  either  worm,  or 
spur. 

Slide  Bars,  or  Guide  Bars,  or  Motion 

BarS< — These  are  tlie  guides  by  which  the 
movement  of  the  end  of  a  piston  rod  farthest 
from  the  piston  ij^  maintained  in  a  rectilinear 
course.  They  are  made  stouter  than  mere 
demands  of  strength  would  require,  in  order  to 
absorb  vibration,  and  their  surfaces  ai-e  of 
large  dimensions  to  lessen  the  friction  per  unit 
area.  All  the  older  bars  were  plain  round  rtjds, 
iir  Hat  faces,  but  these  have  been  largely 
succeeded  by  shapes  of  cylindrical  section  with 
large  i*urfaces,  in  which  the  efiTects  of  friction 
are  indefinitely  delayed. 

The   maximum   load   L  on   a   guide  bar   is 


sMr 


-,  where  Q  is  the  load  due  to  the 


pressure  on  the  pist^jo,  and  r  the  ratio  of  the 
length  of  the  connecting  rod  to  the  piston 
stroke.     The  maximum  bending  movement  on 

4 

Tills 


the   bar  is 


where    d    is    the 


4v^J7^^1 

distance  between  the  supports  of  the  bar* 
assumes  that  the  maximum  load  comes  on  the 
centi>?  of  the  bar,  which  is  not  quite  correct* 
The  working  stress  may  1>e  taken  at  about  3,000 
for  cast  iron,  and  6,000  to  7,000  for  steeL 

The  old-fashioned  style  of  guide  was  once 
very  common,  in  which  bfvth  tJ^p  and  bottom 
bars  were  made  separately  and  fitted.  The 
lower  bar  rested  on   bos^ses  cast  on  the  lied, 
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A  distance  piece  separated  this  from  the  top 
bar^  and  the  lot  were  bolted  down  with  nuts 
and  look  nuts,  each  bolt  being  tapped  into  the 
boss  beneAth.  This  was  a  neat  way  of  fitting. 
Wear  was  taken  up  by  feducing  the  faces  of 
the  distance  pieces,  or  by  inserting  thin  washers 
which  could  be  i^moved.  Oil  cups  were  cast 
on  the  upper  bars,  and  oil  channels  cut 
diagonally  in  the  bar  faces,  These  guides  have 
been  made  of  wrought  iron,  but  they  are 
inferior  to  cast  ii-on  in  friction  resisting  capacity- 
The  grain  of  a  fairly  mottled  iron  is  better  than 
the  fibrous  wrouglit  metal. 

Guides  which  are  essentially  the  same  as  a 
single  pair  of  these  are  embodied  in  many 
vertical  engine  facings,  in  which  two  frames 
bolted  to  a  bed-plate  can^  the  cyhnder  above 
them,  and  have  the  guides  formed  on  their 
opposed  faces.  There  is  then  one  clipper  block 
instead  of  two* 

Another  form  of  ilat  slide  bar  is  const  rue  ted 
more  cheaply  than  that  just  described.  The 
face  of  the  bed,  or  of  the  standard  frame,  when 
a  single  frame  is  used,  forma  the  face  on  which 
the  crosshead  slides,  and  strips  bolte-d  to  the 
bed  face  on  each  side  overhang  and  coerce  the 
crosfihead  foot,  A  recess  may  be  planed  in  the 
face  of  the  bed  or  standard.  But  the  edges 
may  be  square,  or  slightly  tapered  with  a  view 
to  compensate  for  wear*  For  examples,  %m 
Slipper  Blocks^  Or  the  facing  may  stand 
above  the  bed,  and  the  strips  take  a  bearing 
against  the  edges  of  the  crosshead  and  have 
provision  J  as  setting  up  strips  to  compensate  for 
wear. 

For  engines  of  almost  all  si^es  the  pmctice 
has  become  common  of  casting  circular  guides 
in  one  with  the  bed  and  bolting  the  cylinder 
against  the  end  of  its  guides,  registered  with  a 
turned  check.  The  guides  ai'C  bored,  and  the 
slipper  blocks  turned.  There  is  no  trouble  in 
getting  alignment  with  the  cylinder  after  the 
work  leaves  the  hands  of  the  machinist.  The 
wearing  surfacas  are  so  large  that  provision  for 
take-up  on  the  crosshead  is  not  always  con- 
sidered essential  outside  of  high-class  work,  and 
when  given,  its  amount  is  but  slight.  An  import^ 
ant  feature  in  thC'Se  designs,  which  causes  them  to 
compare  favourably  with  the  engine  beds  having 
guides  as  ^rst  described,  is  that  the  metal  is 
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massed  wher^  the  greatest  bending  stueiaei 
occur.  The  old  beds  partook  much  of  the 
baae-plate  character,  %vhich  must  be  bolted  to 
a  true  and  massive  foundation  to  enable  it  to 
resist  the  bending  stresses.  The  massing  of 
metal  around  the  axis  of  the  piston  rod  find 
crosshead,  and  the  greater  depth  given  to  the 
beds  have  conduced  to  stiffness,  without  which 
the  present  high  speed  and  high  pre&swi* 
engines  would  soon  knock  themselvei;  to 
pieces. 

Slide  Rest* — The  slide  rest  of  a  kthe  is 
very  properly  considered  the  adjunct  which  is 
of  the  most  cardinal  importance.  It  is  this 
which  has  contributed  mainly  to  render  ihf 
modeiTi  lathe  so  immensely  superior  in  poiot  of 
capability,  and  perfection  of  results  to  its 
predecessors.  And  many  machine  tools  of  tilhcf 
kinds  are  dependent  for  tlieir  accuracy  apon 
the  embodiment  of  this  device  in  the  eonstmC' 
tioii  of  their  sliding  parts.  The  principle  is 
extremely  simple,  so  obvious  to  us  now  as  to 
he  taken  as  a  mere  matter  of  couraa.  But  in 
its  essentials  it  is  little  more  than  a  century 
old.  Whether  we  regard  its  early  liiston't  «r 
its  modern  development,  and  the  nutnermis 
methods  of  its  application,  it  is  of  more  this 
mere  pas.sing  interest,  A  hundred  years  igo 
it  was  an  extremely  crude  affair ;  now  it 
exists  in  so  many  varieties  that  eveiy  type  of 
lathe  has  its  own  special  type  of  slide  rest 

Early  HeMs. — The  slide  rest  was  not  the 
invention  of  any  one  individuah  The  idea  of 
the  guide  principle  cannot  be  credited  to  any 
one  man.  The  engineer's  slide  rest  is  the  Itst 
development  of  many  efforts  to  replace  the 
impei^ection  of  the  hands  by  mechanical  guid- 
ance. One  particular  form  of  the  guide  principlt^ 
had  been  adopted  by  opticians  more  than  i 
hundi^ed  years  before  the  time  of  Maudglay.  In 
a  work  published  in  Paris  in  1671  there  ait 
several  illustrations  of  sliding  i-ests.  In  unetli^ 
rest  or  tool  post  iits  by  means  of  vee' d  ecl^'w 
over  a  sliding  bar  which  is  moved  along  thf 
lathe  bed  or  table  by  means  of  a  «crew.  It  t«ti^ 
used  for  lens  grinding,  and  the  bar  was  tL]M> 
pivoted  for  grinding  to  curvatures* 

In  the  tenth  volume  of  plates  of  the  French 
**  Ency eloped ie  *'  (1 772)  there  is  a  slide  rest  la 
this   also,   as   in   Maudslay's,    the   saddle  waj 
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€! lamped  upon  the  lathe  bed,  but  the  tool  eould 
be  operated  for  sliding  witliin  the  limit  of  range 
of  the  shde,  and  oi>e rated  also  to  a  very  limited 
extetit  for  iiurfacing.  In  this^  too,  there  was 
provision  for  elevating  the  tool  point.  It  was 
done  by  means  of  a  sereAv"^  which  on  being  tunied 
lifted  the  horizontal  slide  whieh  carried  the  tool 
holder.  It  was  capable  of  swivelling  movement. 
The  construction  was  mnch  simpler  than  that 
of  Mandslay's.  Tlie  bed — it  was  in  no  sense  a 
saddle — being  flatj  wan  bolt-ed  to  the  latlie,  A 
swivelling  platf  was  pinched  to  this  by  means 


Fig,  18a— Front  Elev&tluQ  of  Slide  Rest, 

of  a  J^ingle  screw,  Tlie  plate  carried  two  up- 
rights or  horns  recessed  to  receive  legs  from  the 
horizontal  slide.  The  slide  carried  the  tool 
box  ;  the  swivelling  plate  carried  the  elevating 
»crew ;  the  horizontal  slide  carrie*!  the  travers- 
ing screw  ;  and  the  tool  holder  was  moved  by 
the  surfacing  screw.  This  must  have  been  an 
unsteady  structure, 

Maudslay's  slide  rest  was  crude  in  design 
by  comparison  with  those  with  which  we  are 
familiar,  but  it  was  nevertheless  better  adapted 
to  the  requii-ements  of  engineers'  lathes  than 
those  which  had  been  previously  devised.     Its 


essential  principles  have  survived,  but  in  nearly 
every  detail  it  has  been  altered.  It  comprised 
a  saddle,  a  transverse  slide  for  surfacing,  a 
longitudinal  slide  for  sHding  or  parallel  cuttings 
which  could  als<:^  lae  swivelled  for  taper  turning. 
Both  slides  wei*e  operated  by  means  of  screws. 
It  possessed  two  tool  posts.  It  embodied  a 
provision  which  is  seldom  used  in  modern 
English  rests — that  for  elevating  and  depressing 
the  t<x>ls.  In  our  rests  these  are  generally 
packed  up  if  solid,  or  adjusted  as  points  in 
their  tool  holders.  But  Maudslay*s  rest  con- 
tained provision  for  this  by  means 
t»f  pins  thrusting  longitudinally  in 
diagonal  side  slots  in  the  transverse 
slide,  the  resultant  of  whieh  two  move- 
ments was  one  in  the  vertical  direc- 
tion* The  arrangement  must  have 
been  a  very  unsteady  one.  The  sliding 
was  actuated  by  means  of  a  screw. 
The  sadcUe  also  was  incapable  of  auto- 
matic sliding,  but  was  of  necessity 
clamped  to  the  bed,  which  was  of 
triangular  section,  and  shifted  as  re- 
quii^.  Each  of  the  slides  also  waa 
operated  by  hand  simply, 

Joseph  Clement  had  constructed  a 
slide  rest,  about  1808,  mthout  having 
seen  Maud  slay's.  During  the  rest  of 
his  life  he  improved  it  very  much. 
He  devised  an  arrangement  by  whieh 
in  turning  w*ork  on  a  face  plate  the 
speed  of  the  lathe  would  be  self- 
regulating  so  that  the  speed  would 
increase  as  the  cutting  tool  moved 
from  the  circumference  towards  the 
centre  of  the  work,  and  cause  equal 
amounts  of  metal  to  be  removed  at  all 
diameters. 

Prmtnl  T}fin». — The  standard  type  of  slide 
rest  comprises  the  saddle,  which  is  slid  along 
the  faces  and  edges  of  the  bed.  The  sliding 
or  longitudinal  cutting  is  effected  through  this. 
The  saddle  carries  the  transverse  slide,  moving 
at  exact  right  angles  with  the  edges  of  the  bed. 
Surfacing  is  effected  by  means  of  this,  It^  top 
terminates  in  a  circular  disc  provided  with 
a  circular  concentric  groove  over  which  the  top 
slide  swivels  in  a  complete  circle  or  any  portion 
of  a   circle,   the  edges   being   graduated   into 

181 


Sli 


THE   ENCYCLOPEDIA    OF 


Sfi 


degrees,  and  bolts  are  provided  for  locking  the 
two  at  any  angle.  By  means  of  this,  short 
tapers  are  turned.  Upon  the  top  slide  the  tool 
box  is  carried,  and  is  provided  with  a  traverse 
movement,  effected  by  hand,  for  use  if  re- 
quired. 

Upon  this  typical  and  complete  model,  most 
slide  rests  are  constructed,  some  being  simpler, 
others  more  elaborate  in  the  sense  of  duplication. 
Some  of  the  simpler  rests  have  no  swivelling 
movement,  others  have  it  to  a  limited  extent 
only.  Some  rests  have  a  special  function 
only,   that  of  cutting  off  work.     Others  are 


sliding  worm  and  worm  wheel,  thence  through 
friction  clutches  and  gear  wheels  for  throwing 
into  and  out  of  operation ;  ratchet  and  chain  feeds 
operated  from  the  headstock  mandrel  or  the  over- 
head. Large  slide  rests  for  doing  heavy  work  are 
often  made  with  square  edges,  as  being  better  able 
to  withstand  the  stresses  of  severe  cutting  than 
those  with  vee'd  edges.  Duplex  slide  rests  are 
used  on  large  lathes,  a  cutting  tool  operating 
then  on  each  side  of  the  work. 

Figs.  189  to  192  illustrate  the  slide  rest  for 
an  8-in.  self-acting  3liding  and  screw-cutting 
lathe,  with  quick  withdrawal.     It  is  one  of  the 
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Fig.  190.— Elevation  of  Slide  Rest  and  aasp  Nut. 


duplicated,  one  saddle  carrying  two  and  even 
three  rests,  capable  both  of  simultaneous  and  of 
independent  operation.  Special  rests  are  con- 
structed for  special  functions,  as  curved  rests 
for  pulley  crowning,  capstan  rests  for  carrying 
four,  five,  or  six  tools  at  one  time,  front  slide 
rests  for  convenience  of  vertical  movement,  or 
of  being  slid  clear  of  the  headstock  and  poppet 
endwise,  hinged  or  swinging  rests,  as  in  the  Fox 
lathes,  for  convenience  of  throwing  the  tool 
back  clear  of  the  work. 

The  methods  of  operating  rests  are  numerous, 
chief  among  which  is  that  of  the  leading  screw 
and  clasp  nut,  the  back  shaft,  driving  through 
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standard  designs  by  Messrs  Webster  «fe  Bennett, 
Ltd.,  suitable  for  lathes  fitted  with  back  shafts. 
A  is  the  clasp  nut,  opened  and  closed  by  the 
handle  b.  c  is  the  rack  used  for  sliding  and 
rapid  traverse.  The  main  parts  of  the  rest  are 
the  carriage  or  saddle  d,  the  cross  slide  e,  the 
swivel  base  p  graduated  for  taper  turning,  and 
the  tool  holder  g  provided  with  four  clamping 
bolts. 

The  back  shaft  H,  driven  by  gears  from  the 
headstock,  is  key-grooved  to  drive  the  worm  J 
engaging  with  the  worm  wheel  K,  which  is 
keyed  on  the  hollow  spindle  L.  At  the  opposite 
end  of  L  is  keyed  the  pinion  m.     This  engages 
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Fig.  191. — Transverse  Section  through  Carriage  of  Slide  Rest. 
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Fig.  192.— Plan  of  Carriage  of  Slide  Rest. 
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with  the  wheel  n  which  runs  loosely  on  the 
spindle  which  carries  at  the  other  end  the  pinion 
that  engages  with  the  rack  c.  This  is  put 
into  action  by  the  friction  clutch  o  engaging 
with  wheel  n.  o,  keyed  on  the  spindle,  is 
thrown  into  action  by  the  cross  handle  p,  the 


Fig.  193. — American  Rest,  designed  for  Taper  Turning. 


boss  of  which  is  threaded  to  engage  with  a 
thread  within  the  extended  boss  of  o.  End 
pressure  is  thus  exerted  opposite  to  the  collar  q, 
so  forcing  o  into  frictional  engagement  with  n, 
and  driving  the  latter,  and  the  rack  pinion. 
The  handle  r  fits  over  the  end  of  the  spindle 
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and  is  used  for  racking  the  carriage  rapidly 
by  hand. 

Surfacing, — At  the  back  end  of  the  spindle 
L  there  is  a  spur  gear  s.  This  is  made  to  par- 
take of  the  motion  of  the  worm  wheel  k  by  being 
pulled  into  frictional  contact  with  it,  eflTected 
by  the  pull  of  the  rod  T  on  turning  the 
nut  at  the  front  end.  s  then  drives  a 
pinion  u  keyed  on  one  end  of  the  sur- 
facing screw  V,  so  operating  the  cross- 
traverse  through  the  nut  under  the 
cross  slide  e. 

Quick  Withdrawal. — This  is  effected 
by  a  short  treble-threaded  screw  at  w, 
run  back  by  the  handle  x.  The  disc 
to  which  X  is  fitted  fulfils,  with  the 
spring  catches  T  and  z  the  function  of 
a  division  plate  for  measuring  micro- 
metrically  the  depth  of  screw  threads 
to  be  cut.  The  edge  of  the  plate  is 
cut  into  a  hundred  teeth,  and  the 
spring  catch  T  can  be  dropped  into 
either  one  of  these,  starting  from 
a  zero  division,  while  the  catch  z 
locks  Y  to  a  plate  on  the  front  of  the 
carriage. 

The  casing  aa  will  be  noticed  which 
encloses  the  worm  and  spur  gears  at 
the  back  shaft.  Dirty  lubricant  can 
be  drained  on  removing  the  stud  at 
the  bottom.  The  long  wedge  take-up 
strip  BB  to  the  carriage  may  also  be 
observed,  as  well  as  several  other 
features  to  which  no  special  attention 
is  given  here. 

Fig.  193  illustrates  an  American 
slide  rest  fitted  with  a  taper-turning 
device,  a  is  the  tool-holder,  slotted  to 
receive  the  American  type  of  tool  post, 
B  is  the  cross-feed  screw,  c  the  carriage. 
A  bracket  d  is  bolted  to  the  back  of 
the  carriage  having  a  long  slide  with 
vee'd  edges  to  which  a  bar  e  is  fitted. 
This  is  attached  at  one  end  to  a  sliding 
block,  F,  moving  on  the  back  vee  of  the  bed,  to 
be  clamped  to  the  latter  to  suit  any  position  of 
the  carriage  when  taper-turning  has  to  be  done. 
E  is  always  parallel  with  the  bed,  but  it  receives 
another  bar  g  which  has  provision  for  swivel 
for  taper-turning  through  the  curved  slots  at  the 
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^"  enils^  fitted  with  bolts.  A  slotted  bar,  ii,  makes 
eiinnection  between  the  block  J  fitted  over  D  and 
the  t'foss-feed  screw  b,  on  the  tightening  of  the 
nut  K*  throusili  which  the  cit)ss-feed  screw  pas^^es. 

■     The  self-acting  feed  motion  of  the  slide  resta 

^^in  railway  wheel  tunfiing  lathes  is  effected 
primarily  in  the  usual  arrangement  of  a  slotted 
disc  at  the  back  of  the  headstock.  But  the  rtxl 
therefrom  is  carried  up  and  made  to  operate  a 
shaft  overhead,  the  ratchet  and  click  feed  on 
the  slide  rest  being  actuated  by  means  of  levers 
on  the  overhead  shaft. 

For  firms  who  want 
lathes  to  do  heavy  btit 
pJiiin  turning  and  boring 
simply^  there  ai'e  lathes 
constructed  without 
back  shafts  or  leading 
screw,  the  slide  rest 
Ijeing  operated  by  hand* 

^■Dr  by  lever  and  ratchet 

^feed.  Such  lathes  are 
made  treble  geared  to 
take  face  platen  of  fnim 
5  ft.  to  10  ft,  diameter. 
Some  are  made  also  with 
a  movable  poppet,  and 
some  for  face  work  only. 
In  each  type  the  founda- 
tion plate  is  extended 
well  to  the  front  to 
carry  the  pillar  rei^t  out 
far  enough  to  operate 
on  work  of  the  largest 
diameter  within  the 
cajmcity  of  the  lathe. 

An  American  type  of  duplex  rest  is  shown  in 
Fig.  194.  Tlie  two  rests  are  of  different  heights, 
the  front  one  being  lower  to  take  tools  in  the 
ortiinary  way,  while  the  back  one  is  raised  to 
receive  tools  placed  upside  down,  to  cut  on  the 
back  of  til©  revolving  work.  The  back  i^st  has 
also  a  lateral  adjustment,  so  that  the  distance 
between  the  tools  in  cutting  with  roughing  and 
finiijihing  edges  c-an  be  varied.  The  front  rest  has 
only  an  independent  adjustment  by  screw  and 
ntit  c  for  depth  of  cut,  after  setting  wliich,  bi>th 
the  rests  may  be  fed  in  or  out  simultaneously 
by  turning  the  main  screw  below,  pro%ided  with 
right  and  left-hand  thi^eads  a,  and  ii,  as  seen. 
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Mention   has  been  made  of  the  rise-and-fall 
rests.      The^  are  still  retained  in   Anieiiean 

practice,  though  not  so  much  as  formerly.  Tfie 
top  portion  carrying  the  tool  post  is  hinged  on 
a  pin  at  the  front  end,  and  lias  an  elevating 
sci-ew  at  the  reAr»  which  enables  the  piece  to  be 
i*aised  or  lowered,  so  altering  the  height  of  the 
tool.  The  objection,  of  course,  is  the  want  tjf 
rigidity  in  the  bridge,  which  is  supported  at  the 
two  ends  only,  but  this  is  not  of  much  moment 
in  the  case  of  small  latlies. 


Fig,  104.— Duplex  Slide  Rest, 

Slide  RulC-^ — The  first  slide  rule  was  made 
and  Uiicti  by  an  English  mathematician  nearly 
three  centuries  ago,  but  as  in  the  case  of  many 
modern  English  inventions,  Continentid  nations 
have  been  quicker  than  ourselves  to  see  the 
value  of,  to  utilise,  and  to  develop  this  labour- 
saving  device.  The  slide  rule  ia  use^l  to  a 
much  greater  extent  abrc*ad  than  in  the  country 
of  its  birth,  and  the  majority  of  those  used  here 
are  made  by  German  or  French  firms. 

The  slide  rule  is  a  great  time  and  bmin 
saver.  It  perfoims  all  manner  of  operati<ms, 
and  even  an  illiterate  artisan  can,  with 
practice,  obtain  mathematical  results  which  he 
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w.jukl  probably  be  quite  incapable  of  attiiiniiig 
by  paper  eakulation.  It  solves  questionii  in- 
volving timltiplicatiani  divijjion,  proportion,  the 
Btjuaring  and  cubing  of  numbers,  the  extraction 
of  the  stiuare  and  edbe  roots,  conversion  vtf 
British  weights  and  meajsures  into  those  of  the 
Metric  system  and  rim  versa^  vxiljiar  and  decimal 
fractions,  all  manner  of  calculations  in  mensura- 
tion, and  trigonometry,  percentaj^es^  strength  of 
beams,  belt  and  pulley  problems,  gear  wheels, 
strength  of  shafting,  discharge  from  pumps, 
applicatitm  of  Ohnrs  law,  horse  power  of 
engines,  screw  cutting,  the  finding  of  change 
wheelsj  moments  of  inertia,  hydraulic  formuljCj 
ike.  ifcc. 

8Ude  rules  are  made  5,  10,  15,  and  20  inches 
in  length,  the  longer  ones  being  for  othce  use^  and 
the  shorter  rules  for  the  pocket.  The  advantage 
of  a  long  rule  h  that,  owing  to  the  possibility  of 
finer  subdivision  of  the  spaces,  greater  accuracy 
is  obtaiiuible  in  reading  i-esults,  although  Messrs 
B.  J.  Hall  k  Co.,  Ltd.,  Westminster^  have  a 
'*  Long  Scald "'  slide  rule  differently  graduated 
from  the  ordinary  rulcj  for  which  the  advantage 
is  claimed  that  the  precision  in  i^eading  is, 
length  for  length,  double  that  of  the  lower 
scale  of  an  ordinary  slide  rule.  A  10-in,  inile 
m  sntliciently  correct  for  all  practical  puiposen. 
They  are  generally  made  of  b<ixw<Kal,  faced  with 
doll  celluloid,  cm  which  the  figures  and  divisions 
show  with  great  clearness.  The  fii*st  impression 
the  slide  rule  gives  one  is  its  total  dissimilanty 
to  the  foot  or  any  other  rule  in  which  the 
divisions  are  all  uniforml}^  i*egular*  Tliis  in- 
equality in  the  length  of  the  chief  divisions^ 
and  the  iri*egular  number  of  subdivisions, 
ai  Ided  to  the  confusing  repetition  of  the  numerals 
from  1  to  9,  has  perhaps  a  repelling  eifect. 
The  main  divisions  are  unequal,  because  the 
spaces  represent  the  logarithms  of  the  numlsers 
on  the  face  of  the  rule.  It  is  explaineti  under 
Log^arithm  how  multiplicationj  division,  in- 
\'itlution,  and  evi>lutii»n  beconie  i-espectively 
atidition,  subtraction^  multiplication,  and 
division  by  the  use  of  logarithms,  aiid  it  is 
because  the  numbers  *.m  the  slide  rule  are 
spaced  according  to  their  logarithms  that  these 
operations  are  possible.  No  knowledge  of 
loganthms  is  however  neetled,  all  calculations 
being  performed  by  mechanical  methods. 
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On  the  face  of  the  rule  there  are  four  sciJi 
marked  on  the  left-hand  side.  A,  b,  c,  d,  Fig.  ii 
n  and  D  are  on  the  rule,  b  and  c  aiie  on  thf] 
sHde ;   A  and  B  are   exactly  similar,  and 
the  numbers  1,  2,  3,  4,  5,  6,  7,  8,  9;  I,  2,3, 
5,  6,  7,  S,  9,  1.     c  and  0  are  also  «aiikr 
each  other,  but  dissimilar  from   A  and  B,  the 
series  I,  2,  3,  4,  5,  6,  7,  8,  0,  1  ixx.-urrintf  ani] 
once,  >>eing    therefore   twice   the   scale  of  tl 
upper  two*     On  the  sides  of  the  rule  millimeti 
and  inches  are  fret|uentlj  marked,  but  these, 
course,  form  no  e^^sential  part'  of  a  slide  rule. 
On  the  reverse  side  of  the  slide  are  three  l^the^ 
scales— one  marked  '*  s  "  gi'ving  the  logarithji 
oi  the  sinei)  of  angles;  a  scale  of  logaritliii 
and    a   scale   marked    ^*t"  giving  logarithi 
tangents. 

The  subdivision  of  the  numbered  spaces  m 
all  four   scales    needs    close    inspection,  for  n 
complete  understanding  of  these  is  necessary 
in  order  to  read  results.     Every  space  on 
rule  from  one  numlier  to  the  next  is  div 
into  at  least  ten  parts.     On  A  and  b  the  h 
between   1   and  *2  &re  again  divided  into 
parts,  so  that  thei*e  are  50  divisions  bet> 
1  and  2,     Between  2  and  5  each  tenth  is  *>ttl^ 
divided  into  two  parts,  so  that  them  ai^e 
divisions  between  each  nuniljer  fronfi  2  t 
From  5  to  the  end  of  the  series  there  art^  n<* 
smaller  divisions  than  tenths,     c  and  n 
twice  the  scale  of  a  and  b,  still  further 
di\iaii.in    of    the    primary   spaces    is    po^tHi 
Thus  them  are  100  divisionti  between  1 
60  divisions  between  2  and  4,  and  20  div 
from  4  to  the  end. 

With  regaixi  to  the  value  of  all  the^se  numbers 
on  the  slide  rule,  they  have  no  j>ermanent 
except  that  they  are  always  some  multip] 
submultiple  of  10.  Everything  depends  on 
value  placed  on  the  figure  1  on  the  left 
It  may  be  regarded  as  1,  10,  100,  '1,  '01,  ^001,  kc 
But  whatever  value  is  given  to  it,  the  ratio  d 
value  nmst  be  Ixjrne  in  mind  all  along  the 
If  on  c  and  d  the  first  I  i^present  1 00,  thi 
large  numbers  to  the  end  of  the  ralo  will 
200,  30(1,  400,  and  so  on,  the  last  1  standing 
for  1,000;  the  small  numbered  divisions  from  1 
to  l>  will  be  HO,  120,  130,  HO,  ^c.,  until  we 
reach  the  large  2  whicli  is  200 ;  the  small 
(unnumbered)  divisions  will  be  101,  102, 
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^L%,  since  there  are  100  of  these  minute  divi- 
sioixs  between  1  and  2,  Again,  if  the  fir^t  1 
repreaent  10,  then  tht^  main  division»i  wiU  lie 
20,  30,  40,  50,  60,  70,  SO,  90,  100 ;  the  small 
numbered  divisions  from  1  to  2  will  be  11,  12, 
13,  14,  like,,  up  to  the  large  2,  which,  as  just 
stated,  is  20 ;  the  smallest  (unnumbere<l)  divi- 
BioDS  will  be  10*1,  10*2,  lU'S,  tfee*,  since  each 
subdivision  is  a  tenth  ("1)  of  unity.  Ability 
to  thuis  appraise  the  value  of  any  subdivbion  is 
all-important ;  it  is  the  main  ditticulty,  yet  one 
that  vanishefi  with  a  Uttle  practice. 

The  cuTSorj  Fig,  200>  is  of  use  in  reading  oflf 
subdivisions  as  well  as  in  comparing  upper  and 
lower  scales.     It  consists  of  a  metal — usually 


^fultiJii^caiion.—ik^t  I  on  the  $Ude  to  one 
of  t!ie  factoids  on  tlie  rule^  and  against  the  other 
factor  on  the  slide  read  the  result  on  the  rule. 
Owing  to  the  gi^eater  subdivision  of  the  (jHUid  O 
scales  it  is  advisable  to  uae  them  whenever 
possible.     Examples  :— 

12x2  =  24;  12x2*5-30;  12x3  =  3G. 
Here,  Fig.  1 95,  the  value  of  1  on  d  is  considered 
to  equal  10,  and  1  on  the  slide  is  placed  over 
12  according  to  the  rule  stated  above.  Then 
under  2  on  the  slide  the  product  24  is  I'ead  ; 
under  2|  (2  "5)  we  see  the  product  30 ;  under 
3  the  pnxluet  36  ;  and  so  with  any  in te immediate 
number  all  along  the  slide  the  correct  pixnluct 
h  found  immediately  beneath.     Again i  multiply 
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Fig.  l95.^SUde  Rule,     MuUiplicatton. 


aluminium — frame  containing  a  piece  of  glass 
bearing  a  eentml  hair  line,  and  i^ns  freely  in 

[  01*00 ves  from  one  end  of  the  rule  to  the  other. 
Magnifying  eur^jors  enable  the  student  to  esti- 
mate fractional  parts  of  small  spaces  with 
greater  ejtactness. 

Having  closely  e]camined  the  scales  on  the 
slide  rule  and  the  manner  in  whicb  they  are 
subdivided,  it  now  remains  to  show  tlie  method 
in  which  it  is  used,  and  the  beginner  is  recom- 

I  mended  to  work  out  each  of  the  examples  given 
below,  and  to  invent  and  calculate  others  of  a 
similar  type.  Only  practice  is  needed  to  enable 
a  pupil  who  "  is  no  good  at  figures ''  to  make 
mpid  calculations  he  never  aspired  to  in  his 
H  wildest  dreams. 
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85  X  GO.  The  number  65  being  on  the  extreme 
right  of  scale  c^  the  slide  must  be  puslied  tha 
reverse  way  nn  shown.  Fig.  196.  Hun  the  eye 
along  the  slide  to  6  and  I'ead  the  pi-oduct 
beneath.  We  see  that  it  falls  on  the  first  of 
the  ten  sulxli visions  between  5  and  6.  The  5 
is  read  a^  5,000,  and  a  tenth  of  the  dist+uice 
between  5,000  and  6,000  is  clearly  100.  Thei^ 
fore  the  piquet  is  5,100.  But  the  reader  will 
naturally  ask  how  he  is  to  know  that  the 
aiiJswer  i^houldbe  read  as  5,100,  and  not  51,000 
or  510.  llie  folloi^ing  rule  decides  the  numbers 
of  integei*s  (whole  numbers)  in  any  prwluct  :— 
If  the  slide  is  pulled  out  to  the  left,  the  number 
of  integers  in  the  product  is  etjual  to  the  sum  of 
the  integers  in  the  two  factors :  if  the  slide  is 
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pulJetl  out  k*  the  right  the  number  of  integers  I'ule  the  difficulty  of  deciding  this  figure  wotiki 

in  the  pn:»duct  is  one  lesa  than  the  sum  of  the  be  ntill  gi^ater. 

integers   \n   the    two   factors.      The   following  When   deeimals  occur  in  multiplication  liie 

examples  illustrate   the  rule: — 4S  x  rjO=il2»400  position  of  the  point  may  be  decided  by  the 
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Fig.  19(1— Slide  Ruki.     Miilti plication, 

(left);    32x25  =  800    (right);    01x40  =  2,440  usual  rule  in  decimal  multiplication  {^ee  Vol 

{left) ;  29  X  23  ==  63S  (right).   In  the  last  example  IV.,  page  112),     If  the  last  example  above  were 

the  pixKluct  is  seen  to  lie  between  635  and  640  *29x2"*2  the  two  factors  w^ould  be  regarfle<l  ii^ 

on    p.      The   unit    figure   is,  however,  estactly  w-hole  numbers,  and  the  position  of  the  point, 

detennined  by  noticing  that  the  product  of  9  three  places  to  the  left, '6 3d|  decided  afterw&rdB. 


Fig,  197-— Slide  Rule,     Ditnsion. 


und  2^ — the  unit  figures  of  the  factors— must 
give  8  as  the  unit  figure  of  the  total  product 
On  a  2l)-in,  rule  the  gi*eatar  subdivision  of  the 
space  would  indicate  8  exactly*  while  on  a  5-in. 
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Tlie  position  of  the  point  may  also  be  decided 
by  counting  the  nou^^hts  follcwing  the  decimid 
p4jint  as  negative  digits,  Tims  :—  032  x  ^0025  : 
here  there  are  -  1  and    -  2  digits  =  -  3  digitus, 
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S2  K  25  on  slide  rule  ^  800,  but  as  the  slide  wa.^ 
pulled  out  to  the  right  the  pnwluut  must  be 
precaied  by  -  3  and  ^  1  digits,  or  ^00008, 

DvrAsxim^  —  Set  the  di^ist>r  ou  the  slide 
dgainet  the  dividend  on  the  rule  and  lead  the 
quotient  on  the  rule  under  the  mark  1  on  the 
*aide.  36  -=-  27.  Bring  27,  Fig.  197,  on  the  slide 
over  36  on  the  rule,  and  the  mark  1  on  the  left 
comes  over  the  thirty- thinJ  of  tlie  smallest  sub- 
divisions (hundredths)  of  the  main  space,  1-13. 
Tlie  answer  m  therefore  1*33,  The  following 
rule  gives  the  number  of  integei*s  in  any 
dividend : — Subtract  the  number  of  integers  in 
the  divisor  fitini  that  in  the  dividend,  and  the 


result  is  read  '001 16*     Calculations  invohdng 
combined   multiplication   and   divbion   of   the 

t5?pe         ,   -       -  —  X  are  also  solved.     The  firat 
r  xj  XtfXh 

divisor  e  on  the  slide  is  set  to  the  dividend  a  on 

the  mle,  and  the  cursor  hrought  to  ^  on  the 

shde.     The  next  denominator,  /,  on  the  slide, 

is  bi^ught  to  the  cursor,  and  the  cui'sor  moved 

to  c  on  the  slide,  and  so  on,  the  denominators 

being  set  to  the  cursor,  and  the  cursoi*  to  the 

nu  mem  tori!.      The   sum   of  the  digits   in   the 

+lenominator  is  subtracted  from  the  sum  of  the 

digits  in  the  numerator,  and  the  final  answer  on 

the   rule  under  the  cursor  is  nnxji  fieri  by  the 
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Fig.  198.— Slido  Rub,     Division  (DecimaU). 


remainder  give^j  the  number  of  integers  in  the 
Answer  if  the  slide  is  pulled  out  to  the  left; 
but  if  the  slide  b  pull^^  out  to  the  right,  add 
1  tcj  the  answer.  In  the  example  above,  the 
slide  goes  to  the  right,  and  the  number  of 
integera  ia  therefore  2-2  +  1  =  1.  Where 
deci&ial  quantities  are  involved,  vt  is  best  to 
regard  them  as  whole  nuuilierB,  and,  m  in  the 
ease  of  rauiti plication,  locate  the  point  by 
inspection  or  by  the  usual  rules.  Or  the 
position  of  the  decimal  point  may  be  decided 
by  counting  the  ciphers  after  the  decimal  points. 
^000029 -i- 4)25.  Here  the  digits  ai^  -4  and 
-  1^  and  the  diffei^nce  ia  -  3.  To  divide  29 
by  25  the  slide  goes  to  the  right.  Fig.  198,  so 
that  the  number  of  digits  following  the  decimal 
point  in  the  answer  is    -  3  + 1  =  -  2,  and  the 


additions  or  subti^actions  made  when  the  slide 
is  pulled  out  to  the  right. 

Pi^aportion. — The  upper  scales,  a  and  B,  are 
more  often  used  for  proportion  than  the  low^er, 
although,  when  the  low'er  scaler  can  be  used, 
the  result  is  read  more  accurately.  It  will 
be  observed  that  when  the  slide  is  displaced, 
as  for  example  in  bringing  the  3  on  a  over 
2  on  By  that  the  ratio  3  :  2  exists  between 
all  the  numbers  on  a  and  b.  Kot  only  does  6 
fall  over  4,  and  9  over  6,  but  all  intermediate 


numbers  as 


7o  63  84    55 


^,  zrsi  h5^-^»  ^^^  tt*^  same  with 


5"'  42'  56'  36-6 
the  lower  scales.  The  rule  for  proportion  tlien 
becomes  : — Set  the  first  term  of  the  proportion 
on  the  A  scale  to  the  second  term  on  the  b  scale, 
and  opposite  the  third  term  on  the  A  scale  read 
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angle  the  slide  is  reversed.  On  the  extreme 
left,  minutes  are  numbei'ed,  commencing  at  35'. 
TJie  succeediDg  numbers  indicate  degrees  only, 
antl  these  are  variously  subdivided,  the  values 
of  the  subdivisions  being  easily  estimated  when 
it  is  remembered  that  60'  =  1°,  The  [*ine  of 
any  angle  on  the  scale  s  is  read  immediately 
above  on  scale  A  of  the  rule,  the  slide  being 
kept  in  its  normal  position,  with  ends  flush.  A 
glance  will  thus  «huw  that  sine  35*  12*='425; 
sine  1"  4B'  =  *0314^  a  cipher  succeeding  the 
decimal  point  w^hen  the  reading  is  on  the  left- 
hand  scale.  The  operations  of  division  and 
multiplication  of  sines  do  not  differ  fn^m  the 
methods  described  for  ordinary  numbers.  The 
mark    1    on    the   slide   is    bixjught   under   the 


To  find  the  circumference  of  a  circle.    This 
is  simply  an  application  of  proportioii,  since  the 
ratio  of  the  diameter  to  the  circumference  d  a 
circle  is  as  7  :  22,     If  7  on  the  slide  be  set  to 
22  on  the  rule,  then  the  circumference  of  iny 
circle  is  read  on  the  rule  against  its  corresiptrnd- 
ing  diameter  on   the   slide.      The  ratio  ^  ^r 
3*1416  is  marked  on  most  rules  by  the  sign  r, 
and  when  the  mark  1   on  the  rule  or  slide  i* 
brought  against  this,  the  circumference  mm- 
sponding  to  any  diameter  is  read*     Many  every- 
day applications  of  this  rule  cx'cur  in  engineering. 
If  a  wheel  is  to  have  ninety  teeth  and  the  pitch 
of  tooth  is  1|  in,^  what  is  the  diameter  of  pitch 
line  ?    The  circumference  will  be  90  x  1  i  =  1 3», 
found  by  setting  1  on  c  against  I^  on  D^  ami 


ii|[h.irj]itii]jiij[tiiil!iHliJiiliLjllinrli]]]]d, 


MH^uIllllLlluI 
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Fig.  2t>2.— Kiide  Kule,     EvolutioD. 


multiplier  on  scale  a,  and  the  result  read  on 
scale  A  opposite  the  given  sine.  The  tangent 
scale,  marked  T,  usually  commences  at  5"  43' 
and  ends  at  45"^,  and  is  used  in  conjunction  with 
the  o  scale  as  descnl>ed  above  for  tlie  sines 
i>f  angles.  The  ends  of  the  slide  coinciding  with 
the  ends  of  the  rule,  the  value  of  any  tangent 
along  the  scale  is  i*ead  on  d.  If,  for  example, 
the  cursor  be  brought  over  12''  30',  the  value 
*221  is  read  immefhately  below. 

The  various  ealculaliona  described  above  are 
far  from  being  exhaustive.  As  one  becomes  ac- 
customed to  the  alide  rule  it  is  idealised  that  its 
operations  ai-e  as  endless  in  variety  as  they  are 
inestimable  in  value.  The  following  examples 
are  virtually  but  practical  applications  of  the 
rules  given  above. 
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reatling  the  result  under  90  on  c.  Then  hy 
bringing  22  on  a  over  7  on  B  (or  r  on  A  over  1 
on  b),  the  diameter  of  pitch  line,  43,  is  read 
under  135  on  a.  If  a  wheel  is  57^5  in.  diajnet^r 
at  the  pitch  line,  and  is  to  have  1 20  teeth,  what 
will  be  the  pitch  of  tooth  t  Hei'e  it  is  neoasaary 
first  to  find  the  circumference  and  then  to  divide 
this  by  the  number  of  teeth,  Biing  1  on  b 
under  7f  on  A,  and  above  57 'o  on  B  read  the 
circumference  180,  Then  bring  120  on  c 
against  180  on  n  and  read  the  pitch  of  tooth, 
1  5,  on  the  rule  against  1  on  the  slide.  A^iUi 
how  many  teeth  will  there  be  in  a  wheel  of 
which  the  diameter  is  67  in.  at  the  pitch  line, 
and  the  pitch  of  tooth  1  '75  in,  ?  Here  it  U 
necessary  to  find  the  circumference  and  divide 
it  by  the  pitch  of  tooth,     Bet  1  on  n  to  x,  luitl 
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it  diitmeter  67  on  B,  i^uci  uiixiuinfei-eiict? 
ti  A.  Bring  1'75  on  c  over  210  xm  d,  amJ 
^  1  reiul  120  tt^eth. 

d  the  area  of  tiny  ciicle,  bring  Uie  right 
1  of  A  aver  T,B54  on  b  —  whitsh  is  marketl 

-necial  line,     Tlien  ^t  the  eiu'sor  to  the 
011  the  lower  si^iile  of  the  itil*?,  and  the 

Dl  be  read  untJer  the  hair  Hne  on  the 
^Mole  of  thtj  slide.  What  is  the  total 
I^ITfi  a  steaia  pi,st<M,  40  in.  in  iliameter, 
\  pressure  1 50  lb,  per  sq.  in,  ^  Worked  in 
kageii,  the  area  of  the  piston  is  first  found 
this  nniltiplied  by  150,  Brtaging  1  on  a 
the   mark   *7**?54   on   B   the  area    1,250  is 

on  B  over  40  on  d.     Next  bring  the  left 

1  orer  150  on  o  »n<i  against   1*250  i-ead 

0  on  D,  the  n timber  of  digits  being  esti- 
d  Hecoi-ding  to  the  rule  for  multiplication. 
%  pi^-sgtii^  in  lb*  the  loa^l  in  Cons  may  be 
iatetl  in  one  uperation.  Bring  the  pressure 
L  per  ^y\,  in,  on  b  to  2,852  on  a,  and  the 
pn  t/tiis  on  piston  is  seen  on  B  against  the 
der  diarneter  in  inches  on  d. 
ftny  *>peratian«  connected  with  vulgar  and 
pial  fractions  *u"e  i-apidly  peiifarined,  being 
d,  as  retiection  will  show,  on  the  rule  for 
•rtion.  RecJuee  {'^^  t«i  its  lowest  terms. 
to  on  A  over  108  %m  \\  and  under  5  on  a 
I  9  un  B ;  I  is  the  answer.  As  this  ratio 
pholds  good  all  along  the  acalea,  eountlesji 
Bons  of  eijuivalent  value  may  be  rea<l.  To 
)|ge  ^Vi\  fraction  intij  an  etjuivalent  decimal, 
fie  numerator  on  A  over  iienominator  on  n, 
[over  1  on  the  slide  read  the  decimal  on  a. 
left-hand  scale  of  b  should  be  set  under  the 
thand  scale  of  A.  To  change  fractions  of 
I  and  yaiids  into  mches,  bring  numerator 
\  denominator  mi  hefoiT,  and  read  inches  on 
fei'  12  (for  feet),  or  36  (ftir  yards)  on  B.  A 
e  retlection  will  show  that  it  i&  thus  pjssible 
deal  similarly  with  all  other  weights  and 
atire.^. 

letric    mea.sirre^    uiay  also   be  readily   con- 
ied  into  English  mettsures  by  the  slide  rule, 

inch  ==25-4  mllKmetres,  and  therefore  5 
ies=  127  mm.  If  then  5  on  n  be  set  to  127 
4,  inches  on  u  stand  against  their  equivalent 
^ber  iif  nullimetres  on  A*  In  a  simiUir  way 
lors  may  be  arranged  for  the  conversion  of 
'  quantity  into  terms  of  another  system.     It 

VOL.  vnr. 


is  merely  a  question  of  prnportion.  A  few  of 
the  most  useful  conversion  fa<5tors  are  given 
below : — 


BSe»i«. 


^Soaltt, 


Inches 

luahe*!   - 
Feet 
V»rd» 
Miles 

Stpian^  inehtjs 
8ciUAre  f©et    - 
Scptiii  o  iiiiltJS  - 
Cubic  inchc^ii- 
Cttbic  feet 
Cnbie  yaidH  - 
Giibic  iricbca  - 
Otmces  - 
Pqutida  - 
Himdrodw'bts 
Toiw      - 
Tons      - 


MilUinetres    - 
Centimetres 
M«?tre»  - 
;^Ietrt^ 

Kilometres    - 
Square  centimetif?B 
[5*[u^*«  uieties 
8<|uare  kilumetre^  - 
Cubic  eontimetrcs  - 
Cubie  nietrea  - 
Cubic  moir^  - 
Litres     - 
Kilograms 
KilogniTn!^ 
Kilograms 
Kilofiranis 
Mdtrietatia   - 


BScalA, 

ASMk, 

5 

IW 

51) 

127 

ISYl 

m* 

35 

m 

S7 

\m 

31 

tail 

14*1 

13 

\\± 

2»0 

m 

1      m\ 

3,6110 

5 

m 


a 

30 

19 

254 
63,000 
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E 
Problems  involving  Ohni's  Law,  C--^,  may 

also  l>e  solved,  R|  resistance,  la  set  on  the 
slide  to  E,  electromotive  force,  on  the  rnle^  and 
c,  c undent,  is  read  against  I  on  the  slide. 
Example: — If  a  force  of  100  volt^  be  applied 
t^  a  conductor  having  240  ohms  resistance,  how 
many  amperes  will  flow  thnjugh  it?  Biing  100 
un  0  over  240  on  d,  and  against  1  rearl  '416 
ampere. 

To  tind  the  velocity  of  a  fulling  body  in  feet 
jier  second  when  given  the  tLine  in  aeconda:— 
Set  1  on  c  to  time  taken  in  falling  on  n,  and 
the  velocity  is  i^ad  on  o  under  ;^2'2  on  c. 

To   ^n^\    kinetic   euergy   from    the    formula 

Kinetic  Energy  =    ,^     ,  where  W  =^  weight  in  lb„ 

*?  =  velocity  in  feet  per  second,  and  2f/^fi4'4. 
Example: — A  btxly  with  mass  of  10  lb.  is 
inoving  with  a  velocity  of  30  feet  per  fiecond. 
What  is  its  kinetic  energy  %  Bring  the  cursor 
to  f  (30)^  on  D ;  set  04  4  on  b  to  the  cursor, 
and  the  result  is  seen  on  A  alx>ve  w  (10),  on 
the  upper  scale  of  the  slide— 140  ft,  lb. 

To  find  the  centrifugal  force  of  a  revolving 
mas^s.  Bring  cursor  Uy  the  number  of  revolutions 
per  minute  on  n,  and  set  2,940  on  o  to  the 
hair  line ;  set  the  cunsor  next  to  the  weight  in 
lb,  on  B,  and  bring  1  on  e  to  the  cursor ;  then 
read  the  centrifugal  force  in  lb.  on  k  over  the 
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radius  in  feet  on  b.  In  a  similar  manner  the 
other  rules  may  be  applied  to  practical  problems 
occurring  in  every  branch  of  engineering  practice, 
but  it  is  unnecessary  to  give  further  examples 
here.  Reference  may  be  had  to  text-books  on 
-the  subject,  while  the  student  himself  will 
realise  the  more  he  uses  it  how  infinite  are  the 
possibilities  of  this  wonderful  invention. 

The  rules  from  which  these  illustrations  were 
prepared  have  been  supplied  by  Messrs  B.  J. 
Hall  k  Co.,  Ltd.,  and  John  Davis  k  Son,  Ltd. 

Slide  Valves. — The  term  is  generally  re- 
stricted to  valves  with  flat  faces,  as  dis- 
tinguished from  piston  valves.  The  slide  valve 
has  survived  much  change,  and  is  still  a  success- 
ful device,  notwithstanding  the  fact  that  steam 
pressures  are  now  something  like  forty  times 
greater  than  they  were  when  this  design  was 
first  adopted.  But  except  in  general  design, 
there  is  little  real  resemblance,  since  proportions 
and  details  of  design  have  been  greatly  modified. 

The  earliest  design  was  termed  the  long  D. 
In  this  the  passages  and  ports  were  at  opposite 
ends,  so  that  long  passages  were  avoided.  But 
the  valves  were  connected  by  a  bar  of  D  section 
cast  with  them,  so  that  each  moved  in  unison. 
Exhaust  steam  passed  away  through  the  body 
of  the  D  section  to  the  condenser. 

The  slide  valve  in  the  original  of  the  form  as 
we  now  know  it  was  a  single  valve,  situated 
about  the  centre  of  the  cylinder,  the  passages 
being  brought  there  from  the  ends.  Originally 
it  had  neither  lap  nor  lead,  for  the  disadvanttiges 
of-which  see  Lap  and  Lead.  Great  difficulties 
arose  with  increase  in  steam  pressures,  partly 
due  to  the  pressure  on  the  back  of  the  valve, 
partly  to  the  delays  in  inlet  and  exhaustion  of 
the  steam  through  a  single  port.  Out  of  the 
first  grew  the  equilibrium,  and  balanced  types 
of  valves ;  out  of  the  second  the  double  and 
treble  ported  designs,  and  the  superposition 
of  a  secondary  or  cut-off  valve  on  the  back  of 
the  main  one. 

Action  of  Valves. — If  we  look  at  a  common 
valve  we  note  two  or  three  important  features. 
One  is  that  the  arcli  of  the  valve  is  not  long 
enough  ever  to  leave  both  steam  ports  open  at 
once  to  the  exhaust  port,  but  that  one  port  must 
be  covered  before  the  other  can  open  \a\  the 
exhaust.  Also  that  the  st^am  is  not  admitted 
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to  a  port  until  some  time  after  the  other  one 
has  been  closed.  The  difference  measures  the 
expansive  action  of  the  steam.  Also  the  width 
of  the  exhaust  port  is  wider  than  that  of  the 
inlet  ports  by  from  one  and  a  half  to  t^ice  as 
much.  This  gives  the  freedom  to  exhaust 
required.  The  width  of  the  inlet  port,  plus  the 
outside  lap,  equals  half  the  travel  of  the  valve. 
When  the  valve  is  at  full  stroke  with  one  port 
fully  open,  the  other  port  is  fully  open  to 
exhaust,  but  the  exhaust  port  is  not  fully  open, 
being  partly  covered  by  the  exhaust  edge  of  the 
a-rch  of  the  valve.  The  other  exhaust  edge  has 
travelled  a  certain  distance  beyond  the  edge 
of  the  exhausting  port  by  an  amount  equal  to 
the  outside  lap  minus  that  of  the  inside.  And 
when  the  valve  has  closed  an  inlet  port,  the 
width  of  opening  of  the  exhaust  port  >*nll  ^^ 
equal  to  the  outside  l^p  minus  the  inside  lap. 

This  design  is  suitable  for  small  engines,  but 
with  increase  of  size  the  reduction  in  the  width 
of  the  exhaust  port  becomes  objectionable 
But  by  increasing  the  widths  of  the  ports,  and 
so  regulating  the  stroke  that  the  steam  inlet 
port  is  only  partly  uncovered  when  the  valve 
is  at  full  stroke,  the  exhaust  port  can  be  opened 
more  widely  to  the  escaping  steam.  This  I'i  an 
exhaust  relief  valve. 

A  farther  stage  in  economy  is  secured  by 
dividing  the  ports  and  valve  openings,  giving 
the  double  and  treble  ported  designs,  by  which 
the  length  of  stroke  for  a  given  opening  of  the 
common  valve  is  reduced  to  one-half,  or  one- 
third  respectively.  An  advantage  of  this  desijn^ 
is  that  the  dimensions  of  the  eccentrics  ai-e 
reduced  by  shortening  the  stroke  of  the  valve. 
Further,  in  this  design  the  friction  of  the  valve 
is  reduced  by  introducing  some  counterbalance 
to  the  pressure  on  the  back  of  the  valve,  bv 
casting  openings  through  the  valves,  which 
being  filled  with  live  steam  maintain  the  valve 
more  or  less  in  equilibrium,  for  which  reason 
that  term  is  often  applied  to  them.  These  de- 
signs represent  the  highest  developments  of  the 
single  slide  valve.  They  give  the  best  inlet  to 
steam,  and  the  best  freedom  to  exhaust  with 
the  least  movement  of  the  valve,  and  the  steam 
and  exhaust  passages  are  fully  opened  at  full 
stroke.  Usually  equilibrium  devices  are  fitted 
at  the  backs  of  these  valves  in  the  forms  of 
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springs  and  rings,  so  that  the  steam  pressure  is 
taken  off  the  back,  until  the  valve  is  as  near  eus 
practicable  brought  into  an  average  condition 
of  equilibrium. 

Fig.  203  shows  a  very  massive  slide  valve  as 
used  for  the  intennediate-pressure  cylinder  of 
a  marine  engine,  built  by  Messrs  Wm.  Doxford 
in  Sons,  Ltd.  The  dimensions  give  an  idea  of 
its  large  proportions,  which  necessitate  a  couple 
of  lugs  on  top  for  lifting  it  by.  It  is  of  the 
double-ported  tjrpe,  and  the  facing  of  the  steam 
chest  is  shown   in  section  in  relation  to  the 


which  may  be  considered  as  one  D-valve  super- 
imposed on  another,  giving  a  steam  passage 
between,  in  addition  to  the  steam  edges  at  the  ^ 
ends  of  the  valve.  The  result  is,  that  steam 
passes  through  the  passage  from  one  end,  and 
enters  the  same  port  which  is  being  opened  by 
the  edge  of  the  valve  to  admit  steam  there. 
The  steam  admission  takes  place  twice  as 
quickly  as  in  an  ordinary  valve,  and  the  open- 
ing is  of  twice  the  width. 

All  these  are  expansion  valves  in  the  sense 
that  they  cause  expansive  working  of  the  steam. 


-\-3:o' 


valve  ports.  It  will  be  noticed  that  the  ports 
are  of  different  dimensions  at  top  and  bottom. 
The  spring  shown  at  a  presses  the  valve  against 
the  cylinder  face. 

The  term  f/ridiron  valve  has  been  commonly 
applied  to  denote  the  double  and  treble  ported 
valves,  because  of  the  resemblance  of  the 
numerous  bars  to  the  gridiron.  It  is  also 
applied  to  another  fomi  of  sliding  valve  of  shoi't 
stroke,  and  large  collective  steam  area,  used  in 
many  large  compound  tandem  engines.  An 
example  is  seen  under  Compound  Engine. 

A  variation  on  this  design  is  the  Trick  valve. 


Fig.  -ilJS.  -Slide  Valve. 


but  they  are  not  what  are  undei-stood  by  the 
term  expansion  valves,  which  denotes  those  in 
which  expansion  is  produced  by  a  separate  cut- 
off valve  working  on  the  back  of  the  main 
valve,  and  thus  regulating  the  expansion.  In 
the  common  valve  the  amount  of  lap  controls 
the  cut-off  and  the  expansion  of  the  steam. 
Any  quantity  of  laj)  can  be  given  to  cut-off, 
say  at  half  stroke,  or  less.  But  this  is  most 
undesirable,  because  the  travel  of  the  valve  is 
increased  thereby,  and  with  increase  in  travel 
the  exhaust  is  close<l  too  early,  and  excessive 
cushioning    results.      Hence    when    cut-off   is 
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requii^  earlier  than  ftbcmt  five-eighths  or  three- 
quartfi'S  of  the  stroke  an  expansion  valve  is 

Fi>r  working  these  valves  two  eccentrics  ai^e 
necessaiy,  one  for  the  [nain,  the  other  for  the 
cut-off  valves.  Usually  the  cut-off  can  be 
varied  by  hand  gear^  *:tr  autonmticallj  from  the 
governor, 

Citt'off  Sjspaniion  Valr^s.^^  The  simplest 
deaigu  is  that  in  whieh  the  main  valve  is 
pierced  with  twi>  st-eam  p<jrts  oornmunicAting 
witli  the  cylinder  ports*  and  the  openings  of 
which  are  controlled  by  one  solid  cut-<jff  valve 
im  the  back.  The  main  ports  may  go  straight 
through,  or  be  curved.  The  centrai  part  of  the 
main  valve  is  occupied  by  the  exhaust  area 
and  edges. 

Fig.  204  shows  the  valves  for  a  long-stroke 
tandem  compfiuiid  engine  by  Messi-s  Ransomes, 
Btms,  ife  Jefferie^  Ltd,  The  high-pressure  valve 
*Sb  of  expansion  type,  having  a  cut-off'  slide  on 
the  back.  The  low-pressure  valve  is  of  thy 
Trick  type.  The  faces  of  these  valves  lie  in  a 
vertical  plane^  which  explains  their  position 
in  the  ilrawing,  A  few  leading  dimensions 
are  given.  In  the  view  of  the  Trick  valve 
shown,  A  represents  a  relief  valve  screwed 
into  the  \K)dy  with  a  gas  thread,  b  is  a  rib 
which  liears  against  the  steam  chest  cover, 
a,  a  are  oil -grooves  on  the  top  edge  of  the 
vah^e.  The  valve  for  the  high-pressure  cylinder 
is  indicated  by  c,  and  the  cut-off  valve  by  d. 
These  valves  are  shown  in  middle  travel,  f*,  t^ 
a  are  oil -grooves,  as  in  the  other  valve.  In 
each  case  tliere  is  provision  for  ailjustment 
by  lock  nuts,  ami  the  n)dn  fit  in  slots  which 
allow  for  the  wear  of  the  valve  faces, 

A  modification  of  t!iis  is  the  division  of  the 
cut-off  valve  into  two  parts,  fitted  on  right  and 
left  hand  screws,  by  which  the  distances  between 
the  two  imrts  are  capable  of  alteration  for 
effecting  variations  in  the  eut*off.  These  are 
well  known  as  Meyers  valves.  The  ir^gulation 
is  effected  by  a  liand -wheel,  or  it  may  be 
automatic  from  the  go^^ernor. 

The  division  of  the  cut-off  valve  into  two 
fmrts  is  often  extended  t<i  the  main  valve  also, 
in  the  case  of  long  cyliiiders,  witfi  the  advantage 
of  shortening  the  j>orts,  Tlie  cut-off  slides  are 
jidj  us  table  on  a  rcni  screwed  right  and  left  hand. 


Allen *s  double  vah  c  18  a  special  design  used 
f(^r  some  corap4>inid  engines  ha\  ing  cylinders  in 
t-andem.  The  ports  of  both  cylinders  are  bi^ought 
together  t^  be  cc*vered  by  the  val^  e. 

Rider's  valve  is  intended  to  effect  the  san*e 
result  as  the  two  cut-off  valves  with  right  and 
left  hand  threads,  but  the  cut-off  ^ah'e  is  in 
one,  and  rotates  on  a  concave  seating  on  the 
back  of  the  main  valve*  the  degree  t>f  rotation 
imparting  variations  in  the  degrees  of  cxj>ansion. 
These  valves  are  either  open  or  closed,  according 
as  they  work  on  a  senu-circumference^  or  in  a 
complete  cylindrical  casing. 

Many  Rider  valves  are  formed  without  the 
concave  fitting  of  the  cutoff  valve.  These  are 
flat,  with  inclined  edges,  and  are  moved  trans- 
versely ovei*  the  hack  of  the  main  vahes,  tin* 
port«  in  which  are  made  diagonally, 

Fasi€Himjii, — Slide  valves  are  attached  to 
their  spindles  in  various  ways.  One  of  the 
oldest  is  to  form  the  end  of  the  vod  into  a 
T  shape  and  insert  that  into  a  corresponding 
slot  cored  in  the  valve.  Many  thousands  of 
valves  have  been  secured  thus.  The  objection 
to  them  is  that  they  do  not  pennit  of  exact 
valve  setting,  and  that  they  become  slack  after 
long  service-  For  small  cheap  engines  they  are 
suitable  enough.  They  bring  the  ri>d  nearly 
inU>  line  with  the  valve  face,  which  is  its  proper 
position.  Their  simplicity  is  a  recommendation. 
There  is  nothing  to  l>ecome  detiichetl,  and  do 
injury  mthin  the  chest. 

A  device  wliich  hy  more  satisfactory,  because 
it  can  never  wear  lotjse,  is  the  valve  bridle. 
This  is  of  circular,  or  rectangular  form,  and  em- 
braces the  entire  body  of  the  back  of  the  valve. 
The  valve  rod  is  forged  with  it,  or  cottereti 
to  it.     It  has  no  provision  for  adjustment. 

A  screwed  rod  is  more  jxjpular,  beca-use  the 
screws  with  a  nut  and  lock  nut  at  each  end 
permit  of  adjustment  when  valve  setting  or  re- 
adjusting* The  screwed  portion  must  not  make 
a  tight  fit  in  the  valve.  It  fits  ejisily  without 
slop  lat^rall)^,  but  clearance  must  be  allowed 
in  the  plane  perpendicular  to  the  valve  face  to 
allow  for  the  wear  of  the  valve  and  cylinder 
faces,  the  clearance  Ijeing  on  the  side  farther 
fitmi  the  faces.  An  open  recess  imly  may  l>e 
made  for  the  i-od  to  dro[j  int^:!,  or  a  slot  hole  for 
the  1^1  to  pass  through.  Fig,  !204,    As  the  rod  has 
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to  be  kept  as  low  down  as  possible,  the  recess 
would  cut  through  the  arch  of  the  D  section, 
and  therefore  metal  has  to  be  carried  round  the 
recess  or  hole  within  the  arch.  Cut-off  valves 
frequently  have  a  block  dropped  into  a  recess 
in  the  back.  The  block  is  threaded  for  the 
screwed  portion  of  the  rod  to  pass  through. 


Fig.  205.— Slingfl. 

Tlie  lap  and  lead  given  to  any  valve  governs 
the  angular  advance  imparted  to  the  eccentric 
fiheave,  or  the  distance  measured  in  degrees 
l)etween  a  vertical  line  passing  through  the 
crankshaft,  and  a  diagonal  line  connecting  the 
centre  of  the  sheave  with  the  centre  of  the 
crankshaft.  This  angle  can  be  calculated 
trigonometrical ly,  but  it  is  usual  in  designing 
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valve  gears  to  lay  out  everything  to  actual 
dimensions.  In  locomotive  shops  invariably 
a  full-size  model  of  the  valve  gears  is  used  in 
order  to  prevent  errors  of  any  kind.  The  rela- 
tions of  angular  and  linear  advance  to  slide 
valves  will  be  treated  under  Valve  Gears,  and 
Zeuner's  Diagram. 

Sliding  Frictioa— 
See  Friction. 

Slimes.— *S^€€  Ores, 
Mechanical  Treat- 
ment of. 

Sling. — A  length  of 
endless  rope,  or  chain, 
Fig.  205,  A,  which  is 
coiled  round  and  secured 
to  a  piece  of  work 
which  has  to  be  hoisted 
by  a  crane.  Or  a 
single  length  of  rope  or 
chain.  Rope  is  used 
in  preference  to  chain, 
as  being  less  liable  to 
slip  off,  and  less  likely 
to  snap  suddenly  with 
overload.  An  endless 
sling  comprises  plain 
chain,  or  rope  only.  A 
single  chain,  or  la^hiny 
chain^  may  be  plain, 
but  more  often  it  has 
an  eye  at  one  end  to 
fit  over  a  crane  hook, 
and  a  hook  at  the  other 
to  be  attached  to  the 
work,  B.  Or  two  col- 
lars, c,  or  circular  rings 
may  be  attached  at  the 
ends,  a  useful  provi- 
sion for  much  slinging. 
Very  often  one  or  more 
elongated  back -hooking 
links  are  inserted  about  midway  in  the  chain, 
for  the  purpose  of  inserting  the  hook  after 
lashing.  A  double  sling,  d,  is  handy  for  work 
which  requires  balancing  at  two  points  ;  or  four 
chains  and  hooks  are  often  hung  ivon\  one 
ring;  or  a  special  hanger  with  thi*ee  shackles 
dependent  from  it  is  used,  as  at  E.  The  swivel 
p    is    employed   for    purposes   of   levelling,   to 
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shorten  or  lengthen  the  distance  between  a 
crane  hook  and  the  work ;  this  is  done  in 
foundries  to  level  moulds,  and  in  erecting  to 
«et  work  true.  For  handling  boxes  and  cases, 
special  slings  are  required  ;  thus  at  g  the  chain 
has  a  couple  of  hooks  which  engage  with  the 
sides  of  the  object,  and  grip  it  effectually. 
The  hooks  may  also  be  serrated  or  pointed 
to  affoixl  a  better  hold,  or  they  may  be  sharply 
pointed,  like  sack  hooks.  Timber  is  lifted  by 
dogs  or  slings,  like  ii,  which  bite  into  the  log  as 


and  even  balance  in  long  pieces  the  lower  parts 
of  the  sling  may  be  sepamted  a  little.  Added 
security  is  obtained  by  passing  the  free  end 
round  once  more  into  a  second  bight,  b. 

Such  devices  are  suitable  for  pieces  of  work 
which  are  not  of  large  dimensions  across. 
Length  is  immaterial,  because  a  long  piece 
can  be  steadied  by  a  man  at  one  end.  But 
a  broad  article  cannot  be  embraced  by  an 
ordinary  sling.  Two  ropes  are  then  used,  one 
to  embrace  the  work,  the  other  to  be  passed 


Fig.  -JJKi. — Slinging. 


it  is  hoisted.  The  shears  of  the  stonemason  are 
als^>  used  for  this  pui-pose. 

Where  lifting  is  being  ctmstantly  done,  (me 
man,  the  alimjer^  is  allotted  the  duty  of  atUich- 
ing  the  slings  to  pieces  of  work,  and  signalling 
instructions  to  the  driver  on  tlie  crane  or  over- 
head traveller. 

Sling^g'.  —  Securing  work  in  a  sling. 
Common  methais  of  slinging  are  shown  in 
Fig.  206. 

The  quickest  device  is  to  bend  the  sling 
round  the  work  once,  and  pass  the  free  end 
through  the  bight  or  loop,  carry  it  up  and  slip 
it  over  the  hook,  as  at  a.     To  ensure  steadiness 


through  the  ends  and  hitched  on  the  ci'ane 
h(K>k,  as  at  c. 

A  slip  knot  is  use<l  for  slinging.  An  over- 
hand knot  is  first  formed,  and  the  standing 
part  of  the  ix)pe  is  passed  through  the  knot 
and  pulled  taut,  i>.  This  knot  is  frequently 
duplicated  on  a  long  piece  of  work,  so  main- 
taining the  latter  horizontally. 

A  magnus  hitch  is  used  for  sUnging  planks 
and  poles  on  outdoor  work.  Tlie  rope  is  taken 
round  the  plank  three  times,  and  passed  up 
thi-ough  the  last  bight,  E. 

A  timber  hitch  is  made  by  passing  the  bight 
of  the  rope  round  the  timl>er  and  round  the 
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standing  part,  and  back  round  itself  a  number 
of  times,  f.     It  cannot  slip. 

Many  a  lift  is  made  with  a  single  sling  chain 
hung  by  its  eye  from  a  crane  hook  by  simply 
bending  it  round  the  object,  and  inserting  the 
hook  of  the  sling  in  one  of  the  links,  g. 


r^-^te-A 


Fig.  207.— An  Early 
Slide  Bar. 


When  a  timber  hitch,  or  a  magnus  hitch  is 
made  at  one  end  of  a  single  rope,  the  other  end 
can  be  attached  to  the  crane  hook  by  a  single 
or  double  Blackwall  hitch,  J  or  K,  or  by  a 
sailor's  knot,  H.  The  last  is  the  most  readily 
made,  and  cannot  slip. 

There  is  much  work  which  cannot  be  safely 
slung  in  this  way,  either  because  it  is  too  large, 
or  because  the  sling  would  slip,  or  because  a 
truly  level  lift  is  requisite.  This  is  the  case 
more  especially  in  foundry,  boiler  shop,  and 
erecting  shops.  Large  plates  and  rings  are 
examples. 

A  plate  may  be  lifted  edgewise  by  a  common 
sling  chain  or  rope  without  much  risk  of  slip- 
ping, provided  the  lower  bends  of  the  chain 
are  spread  well  out.  But  plates  may  slip  out 
of  the  slings.  Neither  can  a  plate  be  lowered 
flatwise  in  this  way.  Hooks,  L,  and  chains 
with  or  without  swivels  are  frequently  used 
in  such  cases.  When,  as  often  happens,  plates 
have  rivet  or  bolt  holes  around  their  edges, 
the  safest  way  is  to  use  eye  bolts,  or  even 
common  bolts.  Hooks  at  the  end  of  sling 
chains  may  be  passed  through  the  eyes  of  eye 
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bolts,  or  the  shutting  link  of  the  sling  chain 
may  be  made  to  encircle  the  body  of  the  bolt, 
passed  through  it  before  the  nut  is  put  on.  Or 
a  bar  may  be  passed  through  a  hole,  and  the 
bar  slung  to  the  crane  hook. 

SYv^.—See  Screw  Propeller. 

Slip,  Slipping^. — Relates  specifically  to  the 
slip  of  riveted  plates.     See  Riveting". 

The  slipping  of  parts  of  mechanisms  under 
overloads  is  often  proWded  for  in  order  to 
avoid  risk  of  fracture.  A  point  often  urged 
in  favour  of  belt  drives  and  feeds  over  that  of 
gears  is  that'  the  first  will  slip,  while  the  second 
will  fracture  with  overload. 

Slipper  Blocks,  or  Crossheads.— Tliese 
are  coupled  because  they  are  frequently  united 
in  one  and  the  same  piece.  In  the  old  style  of 
slide-bar  the  crosshead  was  entirely  distinct 
from  the  slippers,  but  that  practice  is  generally 
abandoned  now.  The  crosshead,  when  a  separate 
piece,  may  be  defined  as  the  element  to  which  the 
piston  and  connecting  rod  of  an  engine  or  pump 
are  both  united.  The  slide  or  slipper  blocks  are 
those  elements  which  are  coerced  by  the  slide- 
bars  or  motion-bars.  Such  an  arrangement 
adds  largely  to  the  work  of  fitting,  and  is 
unnecessar}\  In  nearly  all  the  examples  shown 
here,  the  crosshead  and  slipper  block  are 
combined  in  one. 

The  slipper  blocks  which  are  used  with  flat 
guide  bars  of  the  older  design,  are  castings  usu- 
ally, and  if  large  they  are  lightened  by  coring  out. 


Fig.  208.  —Crosshead  and 
Slipper  Block. 


E^^^^ 


They  have  inner  flanges  moving  against  the  edges 
of  the  bars,  and  are  bored  to  receive  the  pin,  the 
central  part  of  which  is  embraced  by  the  ends 
of  the  piston  and  connecting  rods. 

There  is  an  old  design,  Fig.  207,  which  is 
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8eldom  made  now,  because  the  wearing  surfaces 
are  too  small,  in  which  a  boss  formed  the  guide 
to  an  extension  of  the  piston  rod.  The  boss  was 
in  the  centre  of  a  bridge  piece,  and  the  connecting 
rod  was  pivoted  to  a  boss  on  the  piston  rod 
behind  the  bridge. 

A  single  crosshead,  that  is  one  which  fits 
between  one  pair  of  flat  guides  only,  is  shown  in 
Figs.  208  to  211.  These  designs  and  others 
in  subsequent  figures  may  or  may  not  con- 
tain provision  for  taking  up  wear.     The  latter 


Fig.  212. — Crosshead  and  Slipper  Blocks. 

may  be  done  in  several  ways,  as  seen  in  the 
various  illustrations. 

Crossheads  for  flat  guides  made  on  one 
surface  only  of  bed  or  upright  frame  are  of  the 
forms  shown  in  these  Figs.  Either  solid  bosses, 
or  caps  may  be  used  to  receive  the  crosshead  pin. 

Fig.  208  is  a  crude  form,  in  which  the  piston 
rod  is  screwed  into  the  crosshead  and  secured 
with  a  lock  nut.  The  connecting  rod  is  forked, 
and  pivots  on  the  pin.  Three  types  are  illus- 
trated in  Fig.  209.  a  has  the  piston  rod  pass- 
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ing  through  a  hole  and  locked  with  a  couple  o! 
nuts,  while  the  connecting  rod  lies  between  the 
cheeks,     b   has   the   piston   rod   fitted  with  a 
taper  and  cotter,  and  a  cap  holds  the  pin,  with 
adjustment  for  wear.     Both  in  this  and  in  c 
the  connecting  rod  embraces  the  outside  of  the 
crosshead,  but  in  c  brasses  are  provided,  and 
the   piston    rod    is    solid  with   the    crosshead. 
Fig.   210   is    very  similar   in   design,   but   the 
bottom  portion  is  fitted  separately,  and  has  three 
white  metal  strips  inserted  to  form  a  good  wear- 
ing face.     In  Fig.  211  the  connecting 
rod  fits  between  the  crosshead  cheeks, 
and  has  a  divided  brass  which  is  closed 
in  from  time  to  time  by  filing  on  the 
joint   face    and    driving    the    take-up 
cotter  further   in ;    a   set^sci*ew   locks 
the  cotter. 

Fig.  212  is  a  larger  class  of  cross- 
head  by  Messrs  D.  Stewart  *fe  Co.,  Ltd., 
with  the  slippers  tongued  on,  and 
secured  with  countersunk  screws.  This 
is  for  a  mill  engine,  and  the  bi'eadth 
over  the  slippers  is  34  inches.  Fig. 
213  is  another,  with  slippers  secured 
by  hexagon  set-screws,  and  ha\ang 
white  metal  stnps  a  cast  in  the  faces. 
This  is  for  a  marine  engine,  made  by 
Messrs  Wm.  Doxford  k  Sons,  Ltd. 
Fig.  214  is  a  simple  t}^e  of  crosshead 
for  cylindrical  guides,  such  as  are  used 
on  many  of  the  smaller  engines,  includ- 
ing those  for  winch  and  crane  driving. 
A  cylindrical  type  with  arrangement 
for  taking  up  wear  is  illustrated  in 
Fig.  215  ;  the  slippers  fit  in  vee  grooves 
and  are  drawn  up  the  sloping  faces  by 
means  of  tee-headed  bolts  a, «,  i-eniov- 
ing  thin  washers  between  the  cinjss- 
head  and  the  slippers  as  required  to  allow  of 
this  movement. 

A  large  crosshead  of  the  circular  tN-pe,  for 
a  vertical  engine  with  guides  bored  to  29  in. 
diameter,  also  by  Messrs  D.  Stewart  ti-  Co.,  Lt<l., 
is  shown  in  Fig.  216.  The  principal  feature  of 
interest  is  the  method  of  fitting  the  slippers, 
which  are  adjusted  outwards  by  forcing  in  a 
couple  of  steel  wedges,  thrust  down  by  nuts  on 
two  studs,  a  thickness  piece  under  the  liead  of 
e^ich    wedge    being   thinned    to    allow    of   the 
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Fig.  213.— Crosshead  and  Slipper  Blockf. 
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Fig.  214. — Cylindrical  Crosshead. 


Fig.  215.— Cylindrical  Crosshead. 
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adjustment  being  effected.  A  row  of  set-screws  includes  a  syphon  tank,  and  a  pipe  communicat- 
on  each  slipper  serves  for  locking  purposes ;  ing  with  a  hole  passing  through  the  pin.  The 
Babbitt  metal  strips  on  the  convex  surfaces  of      latter,  as  will  be  seen,  is  fitted  with  two  taper 


iZ,\y,\'^2J^^ 


Fig.  216.— Cylindrical  Crosshead. 


the   slippers   form   good    wearing   faces.      The  portions  into  the  crosshead  and  secured  with  a 

Babbitt  is  y\  in.  thick.     The  lubricating  device  short  key,  and  a  nut  and  washer.     A  diflerent 

for  the  exterior  of  the  pin  will  be  noted;  it  class  of  crosshead,  also  by  Messrs  Stewart,  is 
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Hhown  in  Fig.  217  ;  it  is  for  a  horizontal  pump- 
ing engine.  The  slide  ways  are  situated  35  in. 
apart,  centre  to  centre,  and  the  forged  cross- 
head,  having  four  turned  places  for  rods,  and  a 
centre  hole  for  cottering  the  main  rod  to,  is 
fitted  with  separate  slippers,  bolted  on.  Their 
upper  faces  slope,  to  match  the  under  faces  of 
the  take-up  strips  on  the  guides. 

Slippery  Iron. — A  rather  tough  mottled 
gi-ade  of  iron  which  is  harder  than  grey,  but  not 
«o  close  grained  as  white.  It  is  capable  of 
taking  a  very  smooth  polished  surface  suitable 


are  slit  or  divided  into  strips  which  are  supplied 
as  nail  bars  to  the  nail  makers.  The  rolls  used 
are  provided  with  circular  collars  or  discs,  and 
those  on  upper  and  lower  rolls  act  as  circular 
shears,  severing  the  bars  which  are  passed 
between  them. 

Slot  Drilling  Machines.— These  are  used 
for  cutting  slots,  cotter  ways,  or  keyways  by 
means  of  revolving  cutters,  which  operate  with 
their  ends.  A  traversing  movement  is  imparted 
to  either  the  work  or  the  drill,  equal  to  the 
i-equired  length  of  slot,  and  several  to-and-fi-o 


Fig.  217.— Forge<l  Crosshead. 


for  sliding  faces,  as  those  of  crossheads  and  slide 
bars,  hence  the  term. 

Slipping^  Clutch.. — A  clutch  which  is  set 
or  adjifsted  to  slip  at  an  overload.  The  Weston 
Clutch  is  of  this  type.  8ee  aUo  Shaft 
Couplings. 

Slit  Bar. — A  lever  bar  which  has  a  slit 
down  the  centre,  along  which  a  pin  can  be 
adjusted.  The  device  is  used  in  numerous 
mechanisms  for  altering  length  of  stroke. 
Examples  are  seen  in  many  feed  gears,  and  in 
rams  of  shapers. 

Slitting   Mill. — A  mill  in  which  flat  bars 


motions  are  given,  the  drill  being  set  a  little 
deeper  each  time  until  the  proper  depth  is 
reached.  The  design  of  a  machine  depends 
partly  upon  its  size,  the  smaller  ones  usually 
having  a  travelling  head  which  carries  the 
cutter  spindle,  while  in  larger  (mes  it  is  often 
the  table  that  is  moved.  An  automatic  trip 
mechanism  is  necessary,  to  effect  the  reversals, 
and  this  must  be  capable  of  adjustment  to 
accommodate  vai-ying  lengths  of  slots.  The 
accompanpng  illustrations.  Fig  218,  show  a  type 
of  slot  drill  made  by  Messrs  George  Richards  <k 
Co.,  Ltd.,  capable  of  producing  slots  up  to  20  in. 
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long  and  1  in.  wide.  The  pillar  has  a  slide  face 
upon  the  front,  on  which  fits  the  spindle  head  a 
carrying  the  spindle  b  in  conical  bearings  at  top 
and   bottom.     The  shanks  of   the   cutters  are 


The  three-stepped  cone  p  is  belted  from  the 
countershaft,  so  driving  its  companion  pulley  i> 
at  either  of  three  different  rates,  the  other 
pulley  D  being  only  an  idler.     The  longitudinal 


Fig.  218.— Slot  Drilling  Machine. 


held  in  conical  grips.     The  spindle  pulley  c  is  self-acting  movement  of  a  is  efiected   through 

driven    by  an    endless   belt   running   over  the  the  screw  g,  turned  alternately  to   right  and 

pulleys    D  D   and    two    vertical    idlers    E  k  ;  the  left  by  worm  gear  at  h,  actuated  by  the  pulley 

position  of  the  slide  does  not  affect  the  driving,  j,   driven  from   k.     j   turns   the  shaft   of  the 
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worm  through  intermediate  mitre  gears  at  L, 
a  claw  clutch  being  interposed,  so  that  when  it 
is  thrown  to  the  one  or  other  side  the  motion 
of  the  shaft  is  reversed.  This  reversal  is 
automatically  effected  by  the  trip  rod  m,  pro- 
\\ded  with  adjustable  dogs  y,  y,  struck  by 
collars  0,0,  fitted  to  lugs  in  the  saddle;  the 
collars  are  threaded,  so  that  they  can  be  finely 
adjusted,  and  they  are  secured  with  small  thumb- 
screws. As  the  ixkI  m  is  moved  endwise  it 
pushes  the  lever  p,  which  has  a  pointed  end  to 
operate  a  lever  that  moves  the  clutch  L.  A 
spring  locks  the  latter  in  either  of  its  two  posi- 
ti  ms  until  the  trip  mechanism  works  again. 

The  automatic  down  feed  is  derived  from  a 
screw  and  i-atchet  arrangement,  comprising  two 
pivoted  lingei-s  Q,  Q  hung  in  bearings  adjustable 
along  a  rod  at  the  front.  As  the  saddle 
reaches  the  end  of  its  travel  in  each  direction, 
one  of  the  fingers  engages  in  a  tooth  in  a  ratchet 
wheel  R,  turning  the  latter  a  little,  and  thence 
through  mitre  gears,  a  vertical  screw,  s,  passing 
through  a  lug  at  the  side  of  a.  The  work  is 
fastened  to  the  table  t,  adjustable  by  screw 
across  the  face  of  a  knee,  u,  which  itself  can  be 
elevated  or  lowered  upon  the  planed  face  of  the 
column  by  means  of  a  screw  and  handle,  and 
secured  with  bolts.  A  drip  can  is  provided  for 
supplying  lubricant  to  the  drills. 

A  favourite  method  of  operating  a  table, 
when  it  is  slid  for  feeding,  is  by  means  of  a 
crank  disc  and  connecting  rod.  Machines 
resembling  slotters  in  outline  are  constructed 
with  a  fixed  spindle,  and  a  table  beneath,  slid 
to  and  fro  by  this  crank  device,  the  distance 
being  varied  by  sliding  the  crankpin  in  a  slot 
across  the  disc.  In  such  cases  a  ratchet  and 
pawl  is  fitted  to  feed  the  spindle  down  after 
each  stroke. 

For  cutting  cotter  ways  which  have  to  pass 
right  tlu'ough  the  work,  such  as  in  piston  rods, 
drill  sockets,  ttc,  it  is  more  economical  to  work 
from  both  sides  of  the  shaft  at  once,  the 
machines  for  this  class  of  work  being  con- 
structed with  a  double  spindle  saddle,  sliding 
along  a  be^l,  over  which  the  shaft  is  held  in 
supports.  Tlie  middle  is  moved  to  and  fro  by  a 
cnink  disc,  and  each  drill  spindle  is  fed  in  to 
a  small  amount  at  each  traverse.  When  the 
slot  is  nearly  thi'ough,  one  drill  is  withdrawn, 


and   the  other  completes  the  removal  of  the 
metal. 

The  drills  used  are  generally  of  the  form 
shown  in  Fig.  219,  a  having  a  flattened  end 
formed  into  two  lips,  with  a  concavity  at  the 
centre,  which  allows  the  metal  to  clear.     Some- 
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Fig.  219.— Slot  Drills. 


times  old  twist  drills  are  utilised,  by  grinding 
them  as  shown  at  B ;  they  cut  freely,  c  shows 
the  tjrpe  of  drill  used  on  Messrs  Richards' 
machine ;  it  has  four  cutting  edges,  standing 
out  at  the  bottom  to  afford  good  clearance,  and 
they  slope  with  a  spiral  form  upwards. 

Slotting  Machines.  These  differ  from 
planing  and  shaping  machines  in  possessing  a 
vertical  movement  of  the  tool,  which  travels 
downwards  to  the  work,  bolted  to  a  horizontal 
table.  As  the  pressure  of  the  cut  is  nearly  in  a 
direct  line  with  the  body  of  the  ram,  and  as  the 
pressure  on  the  tables  tends  to  press  them  more 
closely  together,  it  follows  that  hea\'y  cuts  can 
be  taken,  with  a  minimum  of  springing.  The 
slotter  is,  therefore,  well  adapted  for  slogging 
work  on  heavy  castings,  and  especially  forgings 
which  have  to  be  reduced  to  a  considerable 
amount.  The  machine  is  also  handy  for  certain 
classes  of  work  which  are  better  laid  horizontally^ 
so  that  the  attendant  has  a  full  view  of  the 
surface,  and  is  able  to  work  the  tool  around  to 
lines  which  would  be  difhcult  to  see  on  a  planer 
or  shaper.  As  the  name  implies,  the  slotter  is 
very  suitable  for  cutting  out  slots  and  keyways  ; 
t^)  enable  such  internal  work  to  be  handled 
easily,  there  are   longitudinal   and   transverse 
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motions  of  the  slides,  and  a  circular  table  on 
top  provides  for  working  around  curves. 

The  chief  points  of  difference  in  slotters  are 
concerned  with  the 'arrangements  for  recipro- 
cating the  ram.  Some  form  of  quick  return  is 
essential  in  all  but  the  very  smallest  machines, 
say  of  6-inch  stroke,  so  that  the  ram  shall  rise 
rapidly  to  avoid  waste  of  time.  A  very  common 
method  is  that  of  a  slotted  link  pivoted  at  one 
end,  and  rocked  up  and  down  by  a  crank-disc, 
the  pin  of  which  engages  in  the  slot,  and  moves 
the  link  at  a  (juicker  rate  when  it  is  near  the 


block,  K,  which  can  be  slid  up  or  down  in  a  slot 
in  the  ram  and  secured  by  a  nut ;  the  object  of 
this  is  to  enable  the  ram  to  be  adjusted  up  or 
down  within  a  certain  range,  to  suit  the  depth 
of  the  work,  and  the  place  where  slotting  has  to 
be  done.  The  ram  has  two  tool  straps,  and 
there  is  a  block  secured  on  the  front  face  to 
take  the  endlong  thrust  of  the  tool.  The  feeds 
are  derived  from  the  disc  l,  having  a  cam  groove 
on  its  face  which  operates  a  rocking  lever,  m, 
and  thence  a  ratchet  mechanism  at  N  which 
connects  to  the  feed  screws  for  the  tables,  put 


^N^ 


Fig.  2-2<).— Slotting  Machine. 


pivotal  point  than  when  at  the  other  extremity. 
A  connecting  rod  pivoted  to  this  end  of  the  link 
transmits  the  movement  to  the  ram ;  this  being 
the  Whitworth  motion.  Fig.  220  shows  a 
machine  having  this  ari-angement ;  here  the 
cone  pulley  a,  on  the  shaft  of  which  is  a  fly- 
wheel, drives  a  pinion  geared  up  to  the  spur 
wheel  B  on  the  shaft  c,  on  which  is  the 
<lisc  D  actuating  the  link  e.  The  latter  is 
pivoted  at  f,  and  rocks  the  i*od  G,  coupled  to 
the  ram  h.  A  counterbalance  weight,  .7,  prevents 
the  weight  of  the  ram  from  causing  uneven 
movements.  The  pin  of  the  rod  g  is  attached 
to  the  ram  through  the  medium  of  a  sliding 
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into  operation  by  sliding  gears.     The  disc  L  is 
so  set  that  the  feed  is  put  on  just  before  the 
tool  commences  to  cut.     The  amount  of  feed  is 
varied  by  sliding  the  pin  of  the  rod  attached  to 
M  in  or  out  in  the  slot  in  m.     When  a  self- 
acting  circular  motion  is  provided  for  the  table, 
a  train  of  gears  connects  up  from  the  ratchet 
wheel   shaft   to  a  shaft  on   which   is  a  womi 
engaging    with    the    wheel    around    the    table. 
When  tapered  slotting  has  to  be  done,  the  upper 
table    is    hinged,    and    a    screw    enables    the 
operator  to  tilt  it  to  suit  the  I'equii'ed  degree  of 
taper ;  the  circular  table,  of  course,  partakes  of 
the  same  slope. 
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Another  form  of  Whitworth  motion  is  also 
employed  for  driving  slotting  machines;  it  is 
shown  in  Vol.  VII.,  Fig.  190,  page  173,  and 
nee<i  not  be  described  again  here.  To  a  lesser 
extent  the  elliptic  gears  shown  in  the  same 
article  are  used,  the  objection  to  them  being 
that  the  teeth  cannot  be  cut  economically,  but 
must  be  cast. 

Fig.  221,  Plate  XV.,  shows  a  16-inch  stroke 


from  a  pair  of  elliptic  gears,  in  combination 
with  a  ratchet  on  the  bottom  shaft  which 
connects  to  the  table  gears.  The  circular  table 
is  40  in.  diameter,  and  the  worm  wheel  turning 
it  has  a  suitable  number  of  teeth,  so  that  by 
turning  the  worm  shaft,  definite  subdivisions  of 
the  circle  can  be  marie,  as  3,  6,  8,  12,  &c.  It  is 
often  the  practice  to  put  a  concave  brass  bearing 
pad  above  the  disc,  as  seen  in  Fig.  221,  to  rest 


Fig.  222.— Slotting  Machine. 


machine  with  elliptic  gear  drive,  giving  a  quick 
return  of  2  to  1.  The  ram  is  overbalanced  to 
prevent  drop,  and  has  its  tee  slots  set  in  as  close 
as  possible  to  reduce  overhang  of  the  tool.  The 
drive  from  the  cone  pulley  is  made  through  two 
pairs  of  spur  gears,  either  of  which  are  put  into 
gear  by  sliding  a  clutch,  so  giving  a  g<x)d  range 
of  speeds.  The  flywheel  is  formed  with  a  rounded 
rim,  so  that  it  can  be  userl  to  alter  the  position 
of  the  ram  by  hand.     The  feeds  are  obtainerl 

VOL.  VIII. 


against  its  rim,  and  resist  the  upwai*d  pull  of  the 
connecting  rod,  so  that  the  bearing  of  the  shaft  is 
relieved  of  strain. 

Fig.  222  shows  a  French  slotter,  by  Sculfort  «k 
Fockedey,  fitted  with  the  second  form  of  Whit- 
worth motion  mentioned.  The  principal  feature 
of  interest  is  the  swivelling  head,  turning  upon 
a  circular  facing  by  means  of  worm  gear,  and 
secured  with  bolts.  Graduations  on  the  edges 
of  the  facings  indicate  the  extent  of  angling, 
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The  advantage  of  this  fitting  lies  in  the  machine 
having  increased  capacity  for"  anguhif  slotting, 
without  troubling  to  pack  up  the  work  on 
the  table.  The  hand -wheel  at  the  top  of  the 
i^ni  ia  used  for  turning  the  serew  that 
adjusts  the  sliding  pi\'ot  bkn^k  of  the  cuimect- 
ing  rod. 

Another  niauhine  w  ith  Whit  worth  motion  of 
the  same  class  is  illu.strateii  in  Fig.  !223,  Plate 
XV. ,  this  being  of  1 84nch  stroke.  The  principal 
point  of  novelty  in  this  is  that  the  ram  slides 
in  a  long  guide  which  if*  adjustable  up  and  down, 
80  that  the  amount  of  overhang  of  the  lx>ttom 
of  the  ram  may  be  redticed  to  a  minimum.  This 
guide  passes  through  gibbed  ways  at  the  top, 
and  is  carried  b*ick  t-*)  embi'ace  the  column 
below,  where  a  central  nick  and  pinion,  turnefl 
by  a  handle,  through  worm  gear,  provides  the 
means  for  raising  and  lowering  the  guide.  There 
is  a  screw  within  the  ram  for  adjusting  its 
rehitive  height  to  suit  the  wtu*k,  but  instead  of 
being  WiU'ked  hy  a  han*i-wheel  on  top,  n  jit  re 
gears  aitj  placeti  below,  and  operated  by  a  handle 
on  a  squared  shaft  seen  projecting  from  the 
face  of  the  ram  ab*>ve  the  tool  clamps.  The 
feeds  for  the  tables  are  derived  from  a  cam 
groove  on  the  face  of  the  large  spur  wJieel, 
roeking  a  ratchet  lever,  aa  seen.  There  i^  a 
mandrel  in  the  middle  of  the  circular  t^ible,  to 
hold  wor'k  which  has  a  central  hole. 

The  largest  slotting  machines  are  rack-driven 
on  a  similar  principle  to  plane i:s*  Fig.  224 
illustrates  a  Sculfort  J:  Fockedey  machine  of 
850  mm.  stroke  (2  ft.  9y^  in.)  which  is  driven 
from  an  electric  motor,  A,  at  tlie  base,  geared  to 
a  large  and  a  small  pulley,  &  and  c,  which  ai*e 
belted  up  to  fast  and  loose  sets  of  pulleys,  D  and 
E,  the  first  for  quick  return,  the  second  for 
cutting.  Trains  of  spur  gears ^  seen  dotted  in 
the  side  elevatioUi  communicate  to  the  rack 
teeth  on  the  back  of  the  ram.  The  belts  are 
shipped  on  the  pulleys  by  strikers  seen  iji  the 
front  view,  these  being  actuated  by  a  rotating 
disc,  F,  geared  up  to  the  driving  wheels,  Btop- 
dogs  on  the  face  of  the  disc  are  set  in  any 
required  position  on  the  circle,  to  strike  a  lever 
which  moves  the  gears  and  levers  at  o.  The 
feeds  are  obtained  from  a  disc^  H,  geai^ed  up  to 
the  driving  wheels,  and  rocking  a  rod^  .i,  operat- 
ing the  ratchet  box  at  K  which  is  coupled  np 
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to  the  shaft  l.  It  will  be  noted  that  the  ram 
\^  counterbalanced  by  a  w*eight  within  the 
column,  attached  by  a  wire  rope  to  the  ram. 

Fig,  225,  Flat©  XV* ,  repi^esents  a  ma«»i%*^ 
rack  geared  slotter  of  54  im  stroke.  Tlie  ram 
is  actuated  by  a  train  of  spur  geai^  worked  from 
two  pairs  of  fast  and  loose  pulleys  of  different 
diameters,  the  belts  being  sliipped  by  strikiiig^ 
gejitii,  as  in  a  planing  machine.  Two  adjustable 
dogs  bolted  to  the  face  of  the  nim  fttrike  the 
trip  levers  for  working  the  shippers.  Counter 
l>alance  weights  are  attached  by  wire  ropes  tc* 
the  ram,  and  the  latter  slides  in  an  adjustahlt* 
guide,  as  mentionml  in  connection  with  Fig. 
2 '2 3,  Plate  XV,  A  toi>l  holder  w4th  a  relieving 
clapper  is  shown  in  place  on  the  ram.  Tlie 
feed  movements  are  of  aerated  from  the  ram  \'s 
the  same  dogs  that  ship  the  belts ;  these  work 
a  tappet  lever  which  is  coupled  by  a  rack  and 
quadrant  to  a  vertical  shaft  going  do^n  W 
bevel  gears,  with  a  revei'sing  clutch  hetwe^* 
Tlie  horizontal  shaft  driven  by  the  bevel  gfsan- 
is  connected  thence  to  the  various  rat-chet 
mechanisms  for  operating  each  table  spinrile. 
Although  the  nominal  strf>ke  is  only  54  in., 
the  actual  travel  is  prtu-tically  9  ft.,  this  being 
available  on  outside  work. 

The  dragging  friction  of  the  slotting  too!  on 
its  upwai-d  stroke  is  often  neglected,  thougli 
such  friction  ha>s  a  detrimental  eflect  on  tljp 
cuttbig  edges.  But  there  are  a  great  miuiy 
relieving  holders  used,  which  have  a  pi  vote*! 
l>ox  so  that  the  tool  may  give  way  as  it  rise* ; 
a  spring  keeps  the  holder  just  up  intii  pbet*  m 
that  it  shall  keep  the  t<  k.»1  i-eady  for  cutting  al 
the  down  strake.  The  machine  Just  shown  i* 
fitted  with  a  relieving  holder,  l>olted  \^%  tlie  ram^ 
and  having  a  small  clapper  box  hinged  at  tht? 
bottom,  tlie  ti>ol  projecting  out  fi^om  thi^.  Mawy 
mac  limes  emlxKly  a-  permanent  form  of  clapper 
forming  an  integral  portion  of  the  ram  eD<i 
Tee -slots  are  sometimes  cut  in  the  l>«:ittom  etui 
of  the  ram  to  hold  tools  pR»jecting  otit  at  right 
angles,  a  good  type  for  slotting  certain  pieoeft 
of  work.  Large  machines  also  have  some 
a  series  of  slots  cut  across  the  face  \A  the 
right  to  the  top,  so  that  vety  long  tool  bar>i 
be  gripped  fii'mly  by  stmps.  Such  bars  h&i« 
tool  points  held  in  by  set-screws  at  the  end 
Frequently  two  tools  are  set  side  by  aide  oD 
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ram,  to  cut  on  both  faces  of  a  job  simultaneously, 
as  in  slotting  axle-boxes,  <fec. 

The  frame-plate  slotting  machine  is  a  special 
tjrpe  employed  for  slotting  around  the  edges  of 
locomotive  frame-plates,  which  are  laid  in  a  pile 
on  a  long  table,  and  operated  on  by  tools  work- 
ing on  four  or  more  rams.     The  latter  slide  in 


Fig.  227.— Sluice  Valve. 

saddles  supported  in  cross-girders  spanning  the 
table.  Suitable  feed  arrangements  are  intro- 
duced for  moving  the  saddles  laterally,  and 
the  cross-girders  longitudinally,  so  that  the 
long  stretches,  and  the  internal  parts,  such  as 
axle-box  openings  can  be  tooled. 

Fig.   226,   Plate   XV.,  shows   a  frame-plate 
slotter  in  operation  on  a  pile  of  plates.     It  has 
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four  heads,  all  actuated  from  a  shaft  lying 
alongside  the  bed,  near  the  bottom,  the  shaft 
being  splined  to  drive  bevel  gears,  and  thence 
the  belt  pulleys  seen. 

Slow  Gear. — When  a  lathe  or  other  machine 
spindle  is  being  driven  through  back  gears,  it 
is  said  to  be  in  slow  gear.  The  term  is  also 
applied  to  the  driving  of 
a  crane  at  its  maximum 
capacity  through  double 
or  treble  gears. 

Sluice  Valve.— 
Sometimes  termed  a 
Sluice  Cock,  or  a 
Gate  Valve.  Desig- 
nates that  design  in 
which  a  disc  is  slid  over 
the  face  of  the  passage 
way.  These  are  used 
mostly  for  water  mains 
and  gas  mains.  S^ 
Gas  Valves. 

The  usual  form  of 
sluice  valve  is  the  wedge 
design,  so  termed  be- 
cause the  sliding  val?e 
or  plug  is  wedge  shaped 
in  vertical  section,  being 
thus  self-adjusting  for 
wear,  as  well  as  being 
tight  when  screwed 
down. 

Little  change  has 
taken  place  in  the 
design  of  these  vahm 
They  comprise  the  body, 
made  in  two  portions; 
the  lower,  which  con- 
tains the  valve  seat- 
ings  or  faces,  and  the 
upper,  which  affords 
the  necessary  space  for 
the  plug  to  occupy  when  the  valve  is  opened 
fully.  The  two  parts  are  bolted  together 
through  flanges.  Another  flange  on  the  top 
portion  receives  the  cover  with  its  stuflSng 
box  and  gland  through  which  the  spindle 
passes.  The  spindle  is  prevented  from  end- 
long motion  by  a  collar  entering  a  recess  in 
the  stuffing  box.     A   hand-wheel   on  the  top 
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f  the  spindle  is  used  to  turn  the  latter.  All 
he  lower  portion  is  screwed  with  a  square 
bread,  and  engages  with  a  T-shaped*  nut 
tted  into  a  corresponding  slot  in  a  lug  on 
he  top  edge  of  the  plug.  A  hole  is  cast 
hrough   the  middle  of   the   plug,  and  bossed 


rollers.  Sluice  valves  are  fitted  either  with 
flanged,  or  socketed  connections  to  suit  require- 
ments. 

In  some  cases,  when  large  mains  are  under 
high  pressures,  the  width  of  a  doorway  has 
been  divided  into  two  or  three  separate  open- 


Fig.  228.— Sluice  Valve,  with  Antifriction  Rollers. 


"ith  metal  to  receive  the  screw  as  the  plug 
I  drawn  upwards.  The  faces  of  both  plug 
nd  seatings  are  fitted  with  rings  of  gun-metal. 
'o  steady  the  plug  after  it  has  been  lifted  clear 
£  the  facings,  a  rib  is  cast  on  each  side, 
rhich  slides  between  ways  cast  within  the 
hell.  In  some  of  the  best  valves  as  now  made, 
hese  sliding  edges  are  fitted  with  antifriction 


ings,  each  with  its  own  separate  door.     This 
entails  some  differences  in  the  design. 

Large  valves  cannot  be  screwed  up  and  down 
with  a  hand-wheel.  ,  A  pair  of  gears  is  then 
used,  a  pinion  at  one  side  operating  a  wheel 
(m  the  spindle.  In  other  cases  a  hydraulic 
ram  has  been  used,  the  action  being  direct 
sliding  without  a  screw.     The  pressure  may  be 
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taken  direct  by  means  of  a  controlling  lever,  or 
an  electric  current  may  be  used  to  operate  the 
hydraulic  valves. 


either  with  flanges,  and  drilled  to  the  British 
standard,  or  to  the  firm's  long  established 
standard.  The  facings  are  of  gun-metal,  and 
the  bodies  of  cast  iron.  They  are  tested 
to  400  lb.  water  pressure,  and  are  suit- 
able for  working  pressures  of  200  lb. 
water,  or  55  lb.  steam. 

Two  interesting  valves  are  shown  in 
Figs.  228  and  229  from  the  practice  of 
Messrs  Glenfield  <fe  Kennedy,  Ltd.  The 
first,  Fig.  228,  is  of  15  in.  bore,  and  de- 
signed for  a  working  pressure  of  300  ft 
The  wedge  facings  are  of  bronze.  In 
order  to  render  the  operation  of  the  valve 
easy,  antifriction  rollers,  a,  a.  A,  a,  are 
placed  on  each  side  of  the  valve,  running 
on  planed  ways,  so  that  the  work  of  lifting 
and  lowering  the  valve  is  greatly  lessened. 
The  rollers  themselves  do  not  run  direct 
on  their  pins,  but  upon  a  ring  of  rollers. 
The  spur  gears  at  the  top  afford  sufficient 
gain  of  power  to  work  the  valve  easily. 
The  screw  is  of  forged  brass,  2^  in. 
diameter,  working  in  a  brass  tee-headed 
nut  let  into  the  top  of  the  valve. 

The   valve    in    Fig.    229    differs  from 
ordinary  patterns  in  having  three  doors, 
this  type  being  employed  for  large  mains 
under  high  pressures.      The  present  ex- 
ample  measures   4   ft.    2   in.   inside  the 
body.     The  middle  door  is  opened  first, 
and  to  ensure  this  being   done,  locking 
snugs    render   it   impossible    to  lift  the 
outer   doors    while    the    middle   one  h 
down.     The  body  of  the  valve  is  made  in 
halves,   united   by  bolts   and   studs,  the 
latter  being  turned,  to  fit  in  drilled  holes 
and  so  ensure  correct  register,  while  the 
bolts  have  square  necks.    The  plate  below 
the  cover,  which  receives  the  bushings  for 
the  necks  of  the  screws,  is  of  wrought 
iron.     The  screws  also  have  two  bearings 
in  the  cover. 

Sluice  valves  for  large  mains  are  fitted 

with  a  by-pass,  the  object  of  which  is  to 

relieve  the  pressure  before  opening  the 

valve.      It  comprises  a  small  pipe  with 

a  flanged  bend  at  each  end,  bolted  to  the  main 

pipes  on  each  side  of  the  valve.     A  small  valve 

in.  to  20   in.  bore,  and     is  bolted  in  the  course  of  the  by-pass  pipe,  and 


Fig.  229. — Sluice  Valve  >vith  Three  Doors. 

Fig.  227  illustrates  a  wedge  design  of  valve 
by  J.  Hopkinson  *k  Co.,  Ltd.,  as  made  in  sixteen 
sizes  ranging  from 
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o|>enefl    Uy    ntiike   a   L^om'!*!?    ftjr    the   water 
a^tead  of  jy:riing  thr<)UMh  the  main  valve.     The 
iiameter  of  the  by- passes  as  supplied  by  Messrs 
^leiifield  Jk  Kennedy,  Ltd.,  are  i —     " 


In. 

In. 

hx. 

III. 

111. 

Main  pipe 

113 

J5 

18 

■Jl 

24 

By-paas    - 

2 

H 

3 

H 

4 

Valves  of  snuill  diameter  are  also  Honietbues 
providtnl  witli  a  hy-pftSJS*  They  are  useful 
when  ill  a  new  district  the  by-pas?*  is  large 
enough  t*?  supply  present  need^.  It  can  also 
be  used  for  sounding  foi*  waste. 

Slurry. — The    ndxtui'e    ui^d    frjr    lining   a 
SeHsenier    cun\'ert«i%    or    the    clay    wash    uaeil 
by  mull  Me rs. 

Small   Arms,  —  Portable  fire-aim ^^  as  dis- 
tinguished from  the  machine  guns  and  ordnance, 
and    including    pisttjls,    revolvers,    smooth-bore 
guns,  and  ritles. 
The  earl i est  type  of  gun  appears  to  have  been 
"the  hand-gun,  a  plain  tube  attached  to  a  wooden 
_etock,  and  provided  with  a  touch -hole,  at  wlik'h 
tie  match  was  applied.     The  introduction  of 
^lechanism  enabled  the  match   to  be  brought 
ifjftii  by  means  of  trigger  and  cock  to  a  pan 
a^^ng&^!de  the  barrel,  the  pan  containing  priming 
^which   when   ignited   Hred    the   charge   in  the 
»rrel.     The  next  improvement  was  the  wheel* 
lo<*k^   in   which   a  piece  of  flint  was  made  to 
[>ri.»duce  sparks  by  the  fiction  of  a  ?^errat*^d  wheel, 
et  in  motion  by  a  spring,  the  sparks  falling  on 
the  pfiwder  in   the   priming   pan.      The    flint- 
lock displaced  the  wheel -lock,  it*?  action  being 
that  of  a  cock  which  held  a  flint,  caused  to  fall 
ipin  the  steel  pan,  arid  by  the  spirks  evolved, 
ignite  the  priming  powder,      Tlie   use  of 
nlminating  powder  caused  a  greiit  change  in 
runs ;  it  was  first  applied  successfully  by  Forsyth, 
.  Scotchman,  and  eventually  assumed  tlie  form 
a    copfier    cap,    lined    with    a    fulminating 
Libstance,  this  cap  being  slippt?d  over  a  nipple, 
and  strtiek  .sharply  by  the  hammer.     Previous 
this,  the  bayonet  \\m\  been  fitted  to  guns; 
't  vrm  evolved  from  the  earlier  foi-m  of  a  dagger 
^tisertetl  in  the  mujtjde. 

Lefaucheux  was  the  first  to  evolve  a  practical 
lype  of  breech-ltHwling  gun  ;  double  btti^rels  were 
fStteti,  for  sp<irting  purposes^  and  they  were 
hinged  so  as  to   lie  thrown  up  to  expose  the 


bores,  into  wliich  cartridges  wei*e  placed.  These 
cartridges  contfiined  the  charge  of  powder  and 
shot,  and  were  fitted  each  with  a  pin,  standing 
out  latemlly,  and  leaching  to  the  percussion  cap 
ui  the  base  of  the  cartridge ;  the  fall  of  tlie 
hammei'  struck  the  pin,  and  so  exphxled  the 
cliargej  driving  out  the  shot,  and  leaving  the 
empty  case.  This  pin-fire  system  later 'on  gave 
way  to  the  central -fire,  which  is  the  style  most 
in  use  ;  the  percussion  cap  is  placeil  over  a  littl© 
anvil  at  the  cartridge  base,  and  is  struck  by  a 
striker-pill.  There  are  also  nm-fire  cartridges, 
in  which  the  fulminate  is  place*  1  in  an  annul  us 
around  the  nm  at  the  base.  In  order  to  retain 
the  cartridge  case  In  place,  it  is  nece^sysary  to 
form  a  chamber  at  the  breech  end,  and  to  remove 
the  empty  cases,  an  ejector  oi'  extractor 
mechanism  is  employed.  A  hi>ok  or  lever  is 
caused  to  engage  witli  a  fiange  on  the  l>ase,  or 
a  grtJove  sunk  around  it,  which  serves  as  a 
means  of  withdrawal.  The  simple  action  of 
dropping  the  bari*elsj  to  open  the  bi'eec^i,  is 
utilised  in  many  traces  to  opemte  the  ejector 
mechanism* 

Thei'e  are  two  forms  t>f  bore  which  differ 
from  the  plain  parallel ;  the  chi»ke  bore,  adopte<l 
ill  si  lot  guns,  and  cimsisting  of  an  enlargement 
of  the  bore  towai*ds  the  breech  eud,  and  a 
contraction  at  the  mu^sEle.  The  object  is  to 
coneejitrate  the  shot  around  the  m6in  trajectory. 
A  good  many  variations  exist  in  niethod.s  of 
choke  boring  by  different  gun -makers. 

Rifling,  consisting  of  producing  spiral  grouvt?s 
within  the  barrel,  serves  two  purposes.  In  tlie 
first  place  the  bullet  fits  accurately  *jn  being 
driveti  through  the  baiTet^  so  there  is  no  windag&% 
or  slackness,  a  defect  which  prevents  preci.^ion 
of  aim  ;  in  the  second  place,  the  nitary  motion 
imparted  to  the  bullet  greatly  assists  it  to  pursue 
a  true  course.  Many  styles  of  gix)oving  are  in 
use^  varying  from  two  to  six  in  number,  and  of 
different  pitches,  an  average  being  that  of  one 
turn  in  10  in.  With  the  smaller  Ixn^s  in 
general  use  now  for  military  rifles,  a  difficulty 
is  found  in  getting  a  lead  bullet  to  *4ake"  to 
the  grot^vcK,  its  swiftness  f>erniitting  it  to  strip 
and  tear  up;  bullets  with  sheaths  or  coatings  of 
«t>me  harrier  material  ai*e  therefore  employed, 
cup EtH nickel  being  the  mmt  favourer!,  while 
steel  has  been  used. 
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Tlie  une  of  centrftl'firt*  cartridgei^  led  to  an 
inipiTivecl  iiiothod  of  striking,  instead  t>f  the 
hatumef ;  tlie  Piiii^sian  needle-gun  had  a  thm, 
long  neetlle,  wlueh,  on  releasing  the  trigger,  was 
impel  led  by  a  spritig,  piercing  the  eArtridge-case 
end^  and  striking  the  detiiiiating  cap.  Although 
thi^  needle  system  poj^ses-sed  defects ^  due  ehietiy 
to  the  delicacy  of  the  neetile  it»elf,  it  does  not 
differ  niriterially  from  the  methods  in  <i8e  to-day^ 
the  difference  is  that  the  needle  is  replaced  by  a 
striker  pin  of  ample  size  X^  withHtanil  the  effect.s 
of  hard  work,  without  break ing,  t^r  be<.'oming 
damaged.  Before  going  irsto  details  of  the 
different  armv  I'ifles,  the  two  diffei'ent  means  of 
closing  the  breech  must  V>e  connidei-ed ;  the^ 
are  the  block,  and  the  bolt  system  i"espectively. 
The  block  type  has  a  hinged  or  pivoted  bl<K'k, 
which  can  be  thrown  Imck  to  admit  the  cartridge, 
and  then  shut  down  or  tilted  up  to  close  the 
breech,  the  end  of  the  cartridge  resting  against 
this  bk»ck,  tlirough  winch  the  striker  passes, 
Tlie  Ijolt  action,  which  lias  f iractically  suj^erseded 
the  block,  comprises  a  hing  bolt  sliding  behind 
the  breech,  and  capable  of  being  moved  up  t*> 
close  the  latter ;  the  striker  is  carrie^i  in  tlie 
centre  of  the  bolt.  A  ball  ended  levei'  standing 
out  laterally  enables  the  bolt  to  be  manipulate<h 
All  extractor  is  atUnOied  to  the  Ijolt  in  such  a 
manner  that  its  hooked  end  engages  with  the 
groov€*d  or  flanged  end  of  tlie  spent  cai-t ridge, 
and  extracts  it  from  the  lireech,  on  the  liMckward 
motion  of  the  bolt. 

Tile  niagazine  or  repeating  rifle  is  the  type 
with  wliich  troops  are  now  armed;  it  is  capable 
of  firing  a  number  of  shots  in  rapid  succession, 
the  cartridges  being  fed  from  a  magazine  hokling 
from  five  to  ten  ;  at  the  same  time,  Imnd  lojiding 
can  lie  done  in  some  patterns^  without  using 
the  magazine.  The  earlier  magazines  were 
tubular,  car  lying  the  cartridges  end  to  end  in  a 
tube  either  in  the  stock,  or  underneath  the 
bari'el  ;  the  disadvantage  of  this  plan  is  tliat 
the  lialanee  of  the  iifle  is  being  continually 
altered  as  the  cartridges  ai^  fed  along^  and  that 
the  filling  of  the  magazine  cannot  be  rapidly 
done.  Tlie  majority  of  army  rifles  are  therefoi'e 
fitted  with  box  magazines,  in  which  the  cart* 
ridges  lie  side  by  side,  usually  in  a  vertical 
direction,  and  are  pUKhe<l  upwards  l>y  springs  as 
fast  as  they  are  use*!.  The  cartridges  are  not 
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necessarily  insertetl  direct  in  tlie  magazine^  but 
are  hand  let!  more  ct»nveniently  in  prickets  held 
lightly  in  a  steel  spring  clip,  which  is  pttshed 
into  the  maga/Jne ;  it  is  but  the  work  of  an 
instant  to  put  in  one  of  these  clips,  and  the 
rifle  is  then  ready  to  fire  a  number  of  mutifls  a^ 
{|uickly  as  the  marksman  can  aim  and  pull  the 
trigger  and  the  bolt-  In  those  rifle-s  fitted  witli 
a  cut-off  mechatiiam  for  putting  the  magazine 
out  of  action  temporarily^  a  plate  \n  slid  across 
the  top  of  the  magazine,  and  hand  fed  cartridges 
are  laid  on  this. 

We  cannot  give  det*iiled  description*  here  of 
tlie  various  types  of  rifles  usefi  by  the  great 
militiiry  powers,  but  a  fe^\^  notes  of  the  j>rinci[>al 
characteristics  may  be  made.  The  British  type 
is  the  Lee-Enfield  (short  rifle),  having  a  calibre 
i»f  -303  in.,  with  fi  grooves,  1)0.58  in,  tleep,  one 
turn  in  33  calibres.  The  magazine  holds  10 
cart ridgt^Sf  and  34  rounds  can  be  fii'ed  in  a  minute. 
The  length  of  barrel  is  25  19  in.,  and  of  the 
rifle  over  all  44-5  in.  ;  its  weight  without 
chai'ge  or  bayonet  is  ^  IK  2A  oz  The  weight  \A 
the  ciimplete  cartridge  is  415  grains. 

Germany  has  the  Mauser  of  *311  in.  calibre, 
with  +  grooves,  one  torn  in  30*2  cah  The 
magazine  liolds  5  cartridges,  and  40  i-oundi^  pt^r 
minute  can  l>e  ^^.  The  tfjt^il  length  of  rifle 
m  49  4  in.,  and  weight  9  lb.  ' 

Tlie  French  pattern  is  the  Ije>>el,  the  ^mly 
one  that  retains  the  tubular  magarinc  ;  calilirp 
•315,  4  grooves,  one  tuni  in  30  cal.  Magazine 
carries  8  munds,  and  with  I  in  chamber,  give* 
a  rate  of  9  rounds  fired  per  minute.  Tutal 
length  51*12  in.,  and  weight  9  lb.  3 J  o^. 

The  Rus-sian,  termed  the  **  3dine,*"  has  a 
calibre  of  *300,  4  grooves,  one  turn  in  31*6  ml 
Magazine  holds  5  cartridges :  24  shots  cnii  1^ 
fired  in  one  minute.  Length  51 -ST 5  in.,  nrwi 
weight  8  IK  15|  oz. 

The  Austrian  type  is  the  Mannlicher,  *315iti. 
calibre,  4  grtrnves*  ^me  turn  in  31  cah  ^lagaJtiaP 
carries  5  roundsj  and  30  rounds  |>er  minute  riui 
be  fired.     Length  50  im,  weight  t?  lb.  5i  o/ 

Italy  has  the  MannlicherCarcano,  calibre  -256 
in.,  4  gnxjves,  one  turn  in  36  cab  Magiwiru! 
takes  fi  munds;  15  can  W  fii'Cii  in  a  imniit*^ 
Ijength  50  75  in.,  weight  t^  lb.  6  J  o%. 

United  States ;  the  Krag-Jorgeiisen,  w'itli 
calibre  of  '300,  4  grooves,  one  turn  in  30  cal 
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le  nuigazine  holds  5  cHrtridgesT  and  43  rounds 
can  be  fired  in  one  niinuU^.  Length  \^*^lh  iiu, 
weight  9  lb,  1  c*z.  A  mf>difieil  form  has  been 
manufactured  .since,  with  a  i^hortened  barrel, 
nnd  other  featiire». 

Ja{>an  uses  the  '*  Year  '30/'  valibre  of  *256  ; 
6  grooves,  one  turn  in  30^7  cab     Magazine  holds 

CJirtridges,  and  25  rounds  can  be  firetl  per 
minute,     Lengrh  50%5^  and  weight  8  lb.  9  J  oz. 

The  initial  veli>eitie^  imparteil  to  the  bullets 
ill  tliese  various  riJley  vary  from  l,9i'3  ft.  per 

ctmd  in  the  kiweat  to  2,Ht>5  ft.  in  the  highest. 

There  are  stoma  t3rpes  of  automatic  rifles,  such 

the  Bitpwning,  in  which  the  recoit  i*i  atiliaed 
dciljpen  the  breech,  eject  tlie  empty  cajse,  Moad, 
and  reeiM^k  i*ea<iy  for  another  shot. 

Pi*^to/j*.^-T)ie^e  are  used  to  a  comparatively 
small  extent  as  plain  weitponH,  but  when  supplied 
with  automatic  means  of  fe^'ding  the  cartridges 
they  ai*e  found  to  exist  in  great  variety.  The 
revolver  li&s  a  revolvable  l>arrel,  or  rather 
cylinder,  which  rotates  one-sixth  when  the 
hammer  is  cocked,  and  so  brings  a  chamber 
opposite  the  barrel,  this  being  re{>eated  until 
the  six  chambers  are  emptiecL  In  the  double - 
action  revolvers  the  act  of  pulling  the  trigger 
ft  res  the  shot,  and  then  brings  round  another 
chamber.  Automatic  revolver>i  utilise  the  re- 
etiil  of  the  barrel,  which  is  a  sliding  fit  in  the 
st4X'k  portion,  to  perform  the  necessary  move- 
ments. The  motion  t»f  the  eylinder*  which  ha.y 
cam  grofjves  cut  around  its  body,  provides  the 
t  u  ming  eUec  t.  The  a  u  toniat  ic  pLs tols  d  iffe r  from 
the  revolvers  in  liaving  the  cartridges  storetl  in 
a  magazine,  fii im  ^'hicli  they  are  automatically 
fed  to  the  l>arrel ;  they  are  iiioi*e  compact  than 
the  revolvei's,  and  the  disadvantages  att«ndant 
cm  the  use  of  a  rotating  cylinder  ar-e  avoided, 

Ma'mifKmiur^^ — The  manufacture  of  small  arms 
lends  itself  admirably  to  systematic  pixKluction  ; 
in  factj  the  interchangeable  systeni  of  nianufac- 
tui'e  was  first  founded  in  Finance  in  connection 
with  small  arms  production,  and  was  subsequently 
tie  veluped  in  A uie rica  by  W h i tn ey .  Drop  f or gi n^, 
tumin|2[  on  capstan  and  automatic  machines,  pro- 
file milling,  jig-ti rilling,  hardening  and  tempering 
are  all  brought  iutc»  service  during  manufacture. 

The  barrels  are  made  f rxrtn  crucible,  or  Siemens 
steel ;  the  Damascus  btirrels,  used  to  a  con  side  li- 
able extent  for  sp*»rting  purjui^es,  ai-e  pitKluced 


by  coiling  welded  ribhiDns  of  iron  and  steel  to 
form  a  cylinder  ;  the  resulting  forniation  of  the 
alternate^  layers  of  iron  and  steel  prtn luces  a 
very  beautiful  patternj  comprising  interkx*king 
circles ;  when  etched  the  iron  takes  a  brown 
colour^  and  the  steel  shows  up  lighter*  Tlie 
Damascus  barrels  ai^  no  better  for  strength 
thafi  the  si>lid  steel,  and  their  only  merit  lies  £n 
their  nice  appeai'ance- 

Two  methods  are  in  use  for  the  production 
of  military  Imrrels  ;  they  may  be  either  forgetl 
to  shape  under  hammers  of  the  Bmdley  type, 
or  rolled  ;  the  latter  plan  is  followed  at  Enfield. 
the  Imr  being  pvssai  thixiugh  ten  paira  of  rails, 
which  I'educe  and  taper  it  to  proper  dimensions 
at  one  he^t.  The  breei^b  end  i?  then  forged  to 
shape  under  a  hammer,  and  straightenecl  by 
machines,  and  by  iiand.  They  are  turned  at 
the  enfls  to  form  I'eference  places  for  future 
operations.  The  ends  ai'e  then  faced  and 
countei'sunk,  ready  for  drilling,  Half-raund 
bits  are  employed,  working  either  from  one  end^ 
or  two  from  each  end  simultaneously,  lubricant 
being  pumped  in  to  clear  out  the  cuttings. 
The  barrel  makes  about  1,000  revolutions  per 
minute.  The  next  operation  is  draw-boring, 
with  a  three-cornered  bit,  after  which  tlie  out- 
side is  r(3ugh- turned  down  to  the  taper  in  a 
special  lathe,  u»iiig  three  tools.  The  barrels 
are  straighteneti,  the  bore  being  viewed  with 
the  barrel  pointing  so  tliat  a  horizontal  boaitl 
cutting  across  a  window  pane  can  be  seen  just 
ab(jve  the  centre  of  the  bore ;  the  form  of  th© 
triangular  shadow  thmwn  indicates  tt»  the 
straightener  whether  the  bore  is  straight  or 
otherwl'>e>  correction  being  effecte*!  by  bU»ws 
with  a  hammer.  A  square  bit  is  now  used  to 
fine-finish  the  bore,  two  of  its  corners  being 
kept  fn>m  touching  the  interior  by  wooden  spills 
or  splines.  The  outside  is  then  finish-turned, 
and  jK>liahed,  after  which  the  rifling  is  done. 
The  method  pui-sued  at  Enfield  is  that  of  the 
single-toi>l  or  ht^ok  cutter,  set  in  a  rifling  bar, 
which  L«i  caused  to  tuni  at  the  coiTect  nite,  and 
so  produce  the  rifiing,  Tlie  hook  cutter  draws 
in  automatically  on  the  return  stroke,  and  its 
feed  for  cutting  is  stopped  at  the  proper  <.ieptli 
automatically  ;  the  indexing  of  the  Imrrel  being 
done  for  the  required  number  of  gixKives.  Polish- 
ing follows,  a  lap  running  up  and  down  inside 
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the  rifling,  and  another  afterwards  revolving  to 
finish  the  cylindrical  portion  of  the  bore.  The 
rest  of  the  operations  include  milling  the  thread 
of  the  breech  end,  chambering  out  the  breech, 
tapping  for  the  sights,  (fee.  \  browning  is  done 
to  preserve  tlie  barrel  from  ruat» 

The  other  components  of  the  rifle  involve 
many  operation hs  which  are  too  numerous  to 
entei'  into.  The  wooden  stocks  of  walnut  are 
produced  bj  rough  samngi  and  then  turning 
to  whape  on  a  copying  lathe,  working  from  an 
iron  former,  which  controls  the  path  of  the 
cutt-erhead ;  the  recesses  are  cut  out  by  re- 
volving cutters,  and  the  stock  bored  for  the 
reception  of  the  fastening  holt  and  oil  bottle. 
All  the  parte  of  the  rifle  are  made  m  that  they 
will  be  interchangeable,  and  the  assembling 
does  not  involve  any  alteration  of  dimensions 
to  make  the  portions  tit  each  other* 

Smelting". —  The  reduction  and  extraction 
of  metals  from  their  ores.  The  work  of  smelt- 
ing dates  from  a  high  antiquity,  since  articles 
of  copper^  bronze,  gold,  and  silver  occurred  in 
neolithic  times,  and  the  exitritence  of  these 
metals  and  their  alloys  may  be  taken  as  con- 
clusive prixjf  that  the  art  of  their  extraction 
muwt  have  been  understood.  Only  copper, 
golfl,  and  tin  occur  pure,  ami  copper  and  tin 
in  Viut  small  quantities,  li'on  was  cert^iinly 
known  1,000  years  bx.,  and  was  in  common 
use  before  the  Christian  era.  With  regard  to 
iron  we  are  not  in  doubt  as  to  the  metlit.Hls 
by  which  it  W4VH  .sjnelted,  for  methods  which 
are  pi^actically  identical  are  still  practised  in 
India,  vVfrica,  and  in  Hpain.  The  furnaces 
used  are  only  fron^i  2  ft*  to  4  ft.  \\\  height, 
by  from  10  in.  to  IS  in.  in  diameter,  and 
yield  but  a  few  pounds  of  iron  or  steel  at 
a  charge.  There  is  one  tuyere  opening  for 
blast,  and  another  for  slag  and  metaL  Bellows 
supply  blast,  and  charcoal  is  the  fuel  useih 
The  ore  is  reduced  by  the  carbon,  and  a  lump 
of  spongy  metal  results.  From  the  same 
furnace  malleable  iron,  steely  irtm,  and  cast 
iron  can  be  and  a^'e  produced,  consequent  on 
variations  in  temperature,  and  the  proportion 
of  charcoal  and  ore  present.  Different  gi'ades 
ai*e  sampled  and  obtained  from  the  same  charge. 

By   methods   such    «s    these  iron    and    st**el 
have  been  smelted  for  hundreds  of  yeai-s.     The 
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growth  and  present  methmls  of  smelting  in 
the  Blast  Furnace  are  treated  under  that 
head.  Iron  ctmld  not  be  rendered  fluid  in 
the  old  fuiTjacesy  in  which  the  product  waa 
a  spongy  bloom.  Not  until  the  invention  of 
the  tall  furnaces  was  fluid  east  iron  smelted. 
The  addition  of  a  shaft  to  the  oixiinary  furnace 
increiused  the  drauj^ht  and  liquefied  the  iron. 
Hence  Porjle  in  1676  alludes  to  the  pig  iron 
being  taken  from  the  high  blast  furnace  to 
the  open-hearth  charccml  refinery.  The  Prussian 
*Stuckofen  furnace  described  by  Agricola  was 
a  Catalan  furnace  extended  into  a  lihaft^  in 
which  iron  could  be  liquefied.  The  earliest 
known  casting  is  a  monumental  slab  over  a 
tomb  in  Burwash  Church  in  Sussex,  which 
dates  from  the  fourteenth  century.  Sir  I. 
Lowthian  Bell  gives  the  probable  date  of  the 
introduction  of  the  blast  furnace  as  between 
1556  and  1618,  because  the  work  of  Agricola 
published  in  1556  has  no  allusion  to  it^  and 
the  work  of  Dud  X>udlej  publiiihed  about  1618 
mentions  mottled  and  grey  iron,  which  are 
products  of  the  smelting  furnace.  Dud  Dudley  s 
first  patent  for  Bmelting  iron  with  pit  coal  wa^ 
taken  out  in  1620,  and  i*enewed  in  1658* 
Abraham  Darby,  1 7*20-1 733,  substituted  coke 
fir  coal,  and  achieveti  success  which  never 
rewarded  Dudley.  He  started  the  CoaIbrix»k- 
dale  Works  in  1709. 

Iron  is  more  easily  smelted  than  some  other 
metiils.  Copper*  tin^  lead,  pass  thrrmgh  a 
succession  of  ojae  rat  tons  lief  ore  their  reduction 
is  effected*  The  extmction  of  copper  is  h 
particularly  complex  process,  comprising  a  sue- 
cession  of  st+iges  in  each  of  w^hlch  sotne 
impurities  are  removed,  and  in  which  various 
kinds  of  slags  are  produced.  The  fact  that 
the  use  of  copper  preceded  that  of  iron  would 
seem  to  indicate  tliat  supplies  of  native  copper 
wTJ'c  utilised.  lire  smelting  of  tin  is  les* 
elaborate.  It  i«  preceded  by  calcination  and 
washing.  The  essential  smelting  is  done  at  one 
stage,  but  subsequent  refining  is  eflFecteii  by 
pi"ocesses  of  liquation  and  boiling,  Zinc  it 
pitxiucetl  by  a  pntcess  of  distillatloti,  taking 
advantage  of  the  fact  that  it  volatilises  at  abtiut 
1 900'  Fahr*  The  ores  are  firsit  calcined  to  hniig 
the  zinc  into  the  state  of  oxide.  This  is  then 
mixed  with   coal   and   distilled.     The   oxygen 
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unites  with  the  carbon  in  the  coal  to  form  COg, 
and  the  zinc  vaporises  and  is  condensed.  There 
are  several  processes  employed  in  England  and 
abroad,  the  distillation  being  effected  in 
cylinders  or  muffles.  Lead  is  smelted  both  in 
reverberatory  furnaces,  and  in  small  blast 
furnaces.  The  reactions  are  rather 
involved,  including  roasting  to  con- 
vert the  ore  into  oxide  of  lead  and 
sulphate  of  lead,  and  melting  to 
convert  the  sulphur  into  sulphurous 
acid,  leaving  the  lead  in  the  metallic 
state.  It  takes  place  in  successive 
well  marked  stages.  The  slags  yield 
a  further  supply  of  lead. 

The  improvements  which  have 
been  effected  in  modern  methods  of 
smelting  are  chiefly,  the  more  com- 
plete extraction  of  metals,  leaving 
less  unreduced  in  the  slags ;  the 
larger  scale  on  which  the  opera- 
tions are  performed,  and  in  some 
cases  the  substitution  of  gaseous 
fuel  with  the  regenerative  system 
for  solid  fuel.  Details  of  smelting 
operations  in  the  case  of  the  com- 
moner metals  will  be  found  treated 
under  suitable  headings. 

Smith.— ^e  Smith's  Work. 

Smith's  Forge,  or  Smith's 
Hearth.  —  Forges  are  fixed,  or 
portable,  both  being  employed  in 
engineers'  works. 

Fixed  Hearths, — These  are  built 
of  brick-work  and  iron,  or  of  iron 
only.    The  bricks  are  built  up  from 
the  ground,  enclosing  a  rather  large 
area  within  which    the   small  coal 
or  coke  and  fire  are  laid.     This  is 
necessary  to  accommodate  large  as 
well  as  small  forgings.     The  size  of 
a  hearth  is  from  3  ft.  to  4  ft.  square. 
If    an    in)n    framing    is    used,    it 
is   of   cast,  or  wrought  iron,  with 
legs,    leaving   an    open    space    below.      These 
occupy   less  shop   space   than   the    brick-built 
forges.     In  the  brick-built  forge  the  back  is  of 
bricks,  but  in  the  iron  design  it  is  of  iron,  and 
the  hood  is  riveted  to  it.     In  the  iron  ones  it 
is  usual  to  cast  a  gap  on  the  smiths  side  for 


the  insertion  of  bars.  The  gap  is  filled  up  with 
a  piece  when  not  in  use.  The  tue  iron  comes 
in  at  the  back.  There  are  two  types  of  these. 
One  with  circulating  water  pipes,  the  other 
bolted  to  the  face  of  a  water  cistern.  Tue 
irons  are  made  in  wrought  and  cast  iron.     The 


Fig.  -2:10.— Circular  Smith's  Hearth. 

water  bosh  and  coal  bunker  are  distinct  from  the 
forge,  and  located  at  the  end  in  front,  the  coal 
being  next  the  forge,  and  the  water  outside. 

Circular  hearths,  Fig.  230,  are  made  by  B.  & 
S.  Massey,  for  convenience  of  getting  all  round 
the  work.     The  circular  body  which  encloses 
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the  hearth  is  2  ft.  through,  and  hollow.  The 
upper  portion  is  a  water  chamber  to  keep  the 
hearth  and  nozzles  cool,  the  lower  is  an  air 
chamber  for  the  blast  which  is  delivered 
through  three  tuyeres  to  the  fire. 


H 
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Fig.  231.— Smith's  Tongs. 

Portable  Forges, — These  are  made  for  out- 
door work,  and  for  odd  repairs,  and  small  items 
done  on  work  in  course  of  erection  in  shops  and 
sheds.  They  have  hand  bellows  placed  below 
the  forge,  and  operated  by  a  lever.  The  hearth, 
220 


of  circular  or  oblong  shape,  is  built  up  of 
wrought  iron  or  steel  plate,  and  stands  on  iron 
legs.  Some  of  these  forges  are  fitted  with 
travelling  wheels. 

Smith's  Tools. — These  include  three  main 
groups,  the  tongs  for  holding 
pieces  of  work,  the  tools  for 
reducing  and  shaping,  and 
the  hammers. 

As  the  bars  and  rods  used 
by  smiths  seldom  include  more 
than  three  sections,  the  round, 
the  square,  and  the  flat,  the 
tongs  are  limited  to  those 
forms  which  are  adapted  to 
these  shapes,  with  variations 
in  dimensions  in  each  form. 
Cases  occur  in  which  tongs 
are  not  required,  as  when  a 
forging  is  made  on  the  end 
of  a  bar,  and  cut  off  when 
finished,  but  these  are  some- 
what limited  in  number. 

The  tongs  used  include  the 
following.  Fig.  231 :  ~  For 
round  bars,  the  pincer  tonys, 
and  the  pliers  are  employed. 
They  are  concave  in  the  jaws 
A,  or  vee'd  b.  An  enlarge- 
ment behind,  b,  is  usual  to 
allow  room  for  the  heads  of 
bolts,  or  other  portions  of 
forgings.  c  is  a  form  of  pliers, 
useful  for  picking  up  bits  of 
small  rod,  and  punches.  A 
firm  grip  on  the  work  is  not 
possible  by  the  pressure  of 
the  hands  alone,  except  in 
the  case  of  very  light  objects. 
Sufficient  grip  is  afforded  by 
the  reitis  or  coupler ,  shown  at 
D  and  N,  which  is  slid  down 
the  handles  and  tightened  by 
a  tap  of  the  hammer.  Tongs 
like  B  are  used  for  square  bars 
also,  and  a  vee  is  more  suitable  than  a  concave 
sectional  opening,  being  suitable  alike  for  squares 
and  rounds,  d,  e  show  the  JlcU-bit  tongs,  used 
for  flat  bars;  the  jaws  are  straightforward  as 
shown,  or  they  are  cranked  like  G  and  n,  the 
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term  crook-bit  tongs  being  then  applied.  The 
jaws  are  either  smooth,  or  serrated  as  in  E.  p 
is  a  form  of  flat-bit  tongs  used  for  light 
objects,  and  generally  termed  pliers. 
J  are  termed  pincer  tongs,  and  are  used 
for  holding  bolts  with  heads,  or  stems 
with  collars,  fulfilling  therefore  a  similar  func- 
tion to  B.     K  is  a  form  used  for  holding  large 


fullers,  and  swages,  and  in  a  lesser  degree  the 
set   hammers,   and   flatters,    the    latter    being 


Fig.  232.— Setts. 


bars.  L  and  m  are  for  heavy  flat  bars,  the 
turned-down  edges  in  each  serving  to  confine 
the  bare  sideways.  N  is  a  variation  on  this 
form,   but  having  a  clearance    space  hehind. 


r 


m.iy=^^ 


Fig.  233.— Setts. 

o  represents  tongs  employed  for  picking  up 
discs  of  metal  of  large  diameter,  including  stamp- 
ing dies. 

The  tools  used  for  cutting  material  are  the 
chisels  or  setts,  and  those  for  reducing  are  the 


Fig.  234.— Fullering  Tools,  *c. 


chiefly  used  for  finishing  and  smoothing  surfaces 
which  have  been  already  reduced  by  fullering. 
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The  setts  or  chxsds  are  keen  edged  for  severing 
hot  metal,  Fig.  232,  A,  and  less  keen  for  cold 


Q 


C 
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^  Fig.  235. — Spring  and  other  Swages,  &c. 

bars,  cold  setts,  b.  The  latter  are  mostly  used 
for  nicking  round,  after  which  fracture  is  effected 
by  a  blow.  With  the  hot  setts  cutting  is  done, 
or  reductions  are  effected  by  the  removal  of 
shavings  of  metal,  c  is  the  hollow,  or  gouge 
sett.  These  tools  are  handled  with  rigid  wood, 
or  with  iron  reins,  or  withy  handles,  and  they 
are  struck  with  the  sledge.  The  work  is  laid 
on  the  anvil,  but  the  anvil  chisel  or  sett  is  often 
made  use  of  for  severance  simply,  the  work 
being  laid  upon  it  and  struck  with  a  sledge. 
Work  is  severed  under  power  hammers  with 
long  handled  tools,  Fig.  233,  a  being  a  chisel, 
and  B  a  gouge  sett. 

The  tools  used  for  maximum  reductions  are 
grouped  under  the  head  fvllering.  They 
operate  by  a  method  of  gradual  but  rapid 
reduction  effected  by  individual  blows  on  very 
narrow  areas,  using  tools  with  convex  edges. 
The  work,  or  the  fuller  are  moved  along  between 
each  blow  or  two  in   relation   to  each   other. 


until  the  larger  original  section  has  been 
reduced  nearly,  but  not  quite  to  finished 
dimensions.  The  fullers  may  be  straight 
across,  Fig.  234,  a,  b,  c,  or  concave,  c 
is  an  anvil  fuller.  Then  the  ridges  are 
obliterated  with  a  flatter,  f,  or  a  set 
hammer,  g,  all  these  tools  being  struck 
with  hammers.  This  is  the  method  when 
surfaces  are  flat.  Circular  sections  are 
reduced  with  hollow  swages,  d,  e,  which 
both  reduce  and  leave  a  smooth  surface 
simultaneously.  The  terms  fullering  and 
swaging,  therefore,  both  denote  operations 
of  reduction,  but  done  on  flat,  and  round 
bars  respectively.  Numbers  of  swages 
are  handled  similarly  to  the  setts  as  in  a, 
B,  but  others  are  of  spring  type,  Fig.  235. 
The  latter,  a,  d,  e,  include  two  similar 
halves  at  top  and  bottom  united  by  the 
springy  handles.  But  when  a  single 
swage  is  used,  it  is  opposed  by  a  bottom 
swage  laid  upon  the  anvil,  Fig.  234,  d, 
hence  termed  tap^  and  bottom  tools.  The 
bottom,  or  anvil  swages  often  include 
several  concavities  in  one  block.  The 
swage  block,  Fig.  236,  is  a  most  useful 
appliance.  Its  edge  is  recessed  with  a 
number  of  concave  and  angular  grooves 
covering  a  large  range  of  sizes,  each  of 
which  is  a  bottom  swage.  The  body  of  the 
block  is  pierced  with  a  number  of  square  and 


Fig.  236.— Swage  Block. 

round  holes  which  are  used  for  bending  bars 
in  by  leverage. 
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In  Fig.  235  any  of  the  tools  can  be  used  under 
the   steam  or  power  hammer,  and   some  are 


^rv 


course  of  formation ;  b  is  a  bar  used  for  carry- 
ing long  rods  and  forgings  about.  Mandrels 
are  shown  in  Fig.  242,  a,  and  b,  on  which  rings 
are  welded  up  and  corrected.  Fig.  243  shows 
the  method   of   l)ending  a  ring  on  a  bending 


Fig.  237.— Bossing  Tools. 


made  specially  for  that  work.     Thus   b 
top   fuller   used   for   rapid   reduction ;   c 
top  swage  alone ;  f  and  g  are  used  for 
making  scarfed  joints  for  welds  more 
rapidly  than  the  work  could  be  done 
on  the  anvil.     In  Fig.  237  two  special 
power  hammer  tools  are  shown:  a  is     C 
one  used  for  bossing  shallow  Ixxsses  ;  b 
shows  it  in  use  between  the  tup  and 
anvil ;  c  is  another  tool  used  for  the  same 
of  work.     A  gap  gauge  is  shown  in  Fig. 
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Fig.  244).— Punch. 

block.     Long-handled  calipers,  used  by  smiths, 
are  shown  under  Caliper. 

The  hammers  used  are  sledges,  which  range 
from  about  10  lb.  to  15  lb.  in  weight,  and 
the  small  hand  hammer  used  by  the  smith  for 
light  setting,  and  welding,  and  as  a  pointer  to 
indicate  to  the  hammerman  or  drummer  the 
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Fig.  238.— 4;ap  (iauge. 

employed  for  measuring  work  while  hot. 
Fig.  239  is  a  scrapn*  for  cleaning  the  scale  oflf 
forgings.     Fig.  240  is  a  common  punch,  made 


Fig.  241.— Smith  8  Tools. 

locations  at  which  blows  are  to  be  given. 
They  are  all  handled  with  ash  handles.  The 
set  hammer  is  not  a  hammer  proper,  because 
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Fig.  239.— Scraps. 


in  the  various  sections  shown  below.  In 
Fig.  241,  A  is  a  l)ent  bar  used  for  setting  or 
twisting,  or  taking  the  set  out  of  forgings  in 


Fig.  242.— Mandrels. 

it  is  struck  by  the  sledge.  It  belongs  to  the 
group  of  flatters,  Fig.  234,  G,  and  is  used  for 
setting  down  shouldered  portions.    . 

223 


Smi 


THE    ENCYCLOPAEDIA    OF 


Smi 


Smith's  Work— Smith— The  «mithy, 
boiler,  and  plating  depai-tments  have  some 
things  in  common,  notwithstiindiiig  they  are 
distinct  aht>pa  und  ti^adea^  that  the  n>en  em- 
ploy ef  J  in  them  ai*e  distinct  t3^ie8  of  eraf Lstnen, 
and  that  the  nature  of  the  opei'atioos  per- 
formed greatly  diifers  in  L-haracter, 

Taking  the  matters  which   are  comnicm  to 


Fig*  243,— Blinding  Ring. 

each  I  the  ma  t4?  rials  use<l  ai'e  identical,  or  veiy 
similtit  in  each  department.  They  consist 
almost  wholly  of  wrought  iron,  and  the 
various  steels,  the  mild  steels  chieily,  and  in 
a  small  degree  temper  steek.  Many  of  the 
operations  at  the  forge  are  similar  :  as  drawing 
dowTi,  upsetting,  and  welding.  Some  of  the 
inachineiy  is  comnion  to  each,  aa  hammers 
and  saws.  Many  i^f  the  small  or  forge  to<jls 
are  identical,  and  so  on.  Matters  which  are 
tlissimilar,  and  specially  characteristic  in  greater 
or  less  degi^ee  of  each  department,  are  these— 
barSj  lods,  and  ilats  are  almost  the  only  sections 
used  in  the  smithy.  In  the  boiler  shop  and 
plating  department,  bars  and  rods  are  emplo3^ed 
to  hut  a  limited  extent.  Plates,  tlats,  sections 
such  fis  angles,  tees,  channels,  ^tc,  and  livets 
predominating,  Tliis  inv^ohes  great  ditferences 
in  the  nature  of  the  work  done,  and  in  the 
machinery  use<^J,  so  that  there  is  comparatively 
httle  work  done  at  tlie  anvil,  but  much  at 
machines^  as  sheai^s,  punches,  rolls,  <Jcc.  8uch 
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work  as  is  done  at  the  anvil  is  usually  different 
from  sinith^a  work,  consisting  chiefly  of  bendliig 
and  welding  sectional  forms  w^hich  are  more 
troublesome  than  similar  work  done  on  bars 
antl  ro<js.  In  bijiler  work  there  b  nmch  of 
ft  special  character  done,  such  as  Hanging  and 
rolling,  staying  and  tubing,  and  the  methods 
of  performing  these  operations  are  modifieti 
with  every  type  of  Ixiiler  made,  invohing 
special  nnichinery  and  special  ligs-up.  Die 
f**rging,  so  common  in  the  smithy.  Is  pi^c- 
tised  to  a  limited  extent  only  in  the  plating 
depai'tment,  and  scarcely  at  all  in  actual 
boiler  making,  thtjugh  it  is  used  in  the  manu- 
facture of  simie  parts  of  the  fittings  airri 
mountings.  In  the  largest  works  each  depart- 
ntent  ^ill  be  subdivided  suitably  fur  the  pro 
duction  of  light  and  heavy  work,  and  for 
specialties* 

The  work  of  the  engine  smith,  working  at 
the  anvil  alone,  involves  a  high  degree  of 
technological  skill.  There  ai'e,  howeveri^  com* 
paratively  few  shops  now  in  whicli  anvil  work 
is  not  asj^isted  by  power  hammers,  and  die*. 
In  some  firms,  again,  most  of  the  forgings 
are  stamped  wholly  or  nearly  entirely  in  dies, 
and  the  trained  smith  is  not  then  require*!* 
Sr*^-  Forging,  Forging  Dies^ 

The  smith  wtirks  in  steel,  and  ii'on,  Tlie 
latter  is  still  preferred  when  welding  has  to  be 
done,  but  steal  is  suitable  for  nearly  all  other 
wni'k.  Bf^th  materials  ai'e  supplied  in  roiindjs, 
squares,  and  flats  of  si/.e^  suitable  for  tlie  work 
of  the  shop.  From  these  all  conceivable  sha^^es 
are  produced  by  the  operati<ins  of  drawing 
down, upsetting,  bending,  welding, and  punching, 
with  or  without  assistance  from  dies. 

The  difiet^nee  between  iron  and  steel  frorn 
the  point  of  view  of  the  smith  is,  that  the  fimt 
is  fibrous,  the  second  is  not.  Direction  of  grain 
must  ^>e  taken  into  consideration  in  the  fii^t, 
l>ecause  short  fibre  is  weak,  and  liable  to  iHiptuiv 
at  5  or  6  tons  per  inch  less  stress  than  in  ikw 
longituilinal  dii'ection  Neither  is  this  the 
whole  difference,  for  inferior  iron  may  have 
cinder  interspersed  in  layen?  actually  separating 
the  metal,  a  condition  termed  «pilhj^  Iron  of 
this  kind  needs  to  have  much  work  done  upon 
it  at  a  welding  heat  to  expel  the  ciiuler,  anrl 
unite  metal  to  metai     Tliese  facta  explain  why 
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less  punching  and  opening  out  of  metal  ean  be 
<lone  in  iron  thaa  in  steel,  the  alternative  in 
iron  heing  benfling  and  welding.  They  also 
explain  why  more  bending  is  done  in  iron,  and 
moi-e  weliiing  than  in  steel,  in  which  cutting 
and  shaping  may  be  done  in  any  direction. 

\  ver^*  important  principle  to  be  observed  in 
forged  work  i%  that  sharp  nicking,  and  abrupt 
alterations  in  form  are  t*j  be  avoided  if  maximum 
strength  is  to  be  retained*  A  reduction  from  a 
larger  to  a  smaller  action  i??  not  made  by  cutting, 
if  fullering  in  practicable.  Tliis  is  of  more 
iniporta^nce  in  the  fibrousi  irgo  than  in  steeh 
Nicking  severs  the  fibres,  fullering  causes  them 
to  flow  from  one  section  to  another.  So  that  if 
a  longitudinal  section  were  made  of  a  fullered 
bar,  the  fibres  would  be  seen  to  t>e  continuous, 
ni thing  is  thus  a  moulding  process  in  the 
main,  and  cutting  tools,  except  for  severance^ 
are  used  but  slightly. 

The  methiKb  by  whicli  the  smith  works  ar'e 
varied  widely  with  different  conditions,  and  the 
ideas  of  difierent  men.  Stilly  there  are  broad 
principle-'^  which  control  these  diverse  methods, 
^^  When  differences  in  dimensions  i>ccur  in 
^Mpro.\imity»  alternative.*?  are  di'awing  down, 
^Bnp^ietting,  and  welding.  Just  wliich  should  be 
^failopted  depends  on  relative  differences  in 
f  dimensions,  shape  of  the  forging,  and  with 
^—^re-gard  to  welding  also,  whether  iitm  or  steel 
^Bftt^  being  used, 

^^  If  there  is  little  tlisparity  in  size  between 
a^ljftcent  sections,  and  if  lengths  are  not  exces- 
ve^  cbuwing  down  is  the  readiest  method  to 
[opt.  It  m  fjuiekly  done  either  with  fullering 
Ja  or  swages,  or  under  the  power  hammer*  A 
much  larger  amount  of  reduction  can  be  done 
under  power  hammers  than  w-ith  an\il  tools. 
But  if  articles  are  of  great  length,  welding  is 
tJie  alternative.  An  eye,  for  example,  will  be 
welded  to  a  lung  tension  rod,  while  a  val%*e 
bridle  may  be  bent  in  one  piece  with  its  rofl. 
A  collar  will  be  welded  on  a  long  rod,  while  a 
short  bolt  has  its  head  and  shank  in  one  piece. 
An  eye  having  a  large  hole  and  little  surrounding 
ineta!  is  bent  and  welded  if  made  in  iron,  but  it 
would  be  stamped  out  in  st^h  A  steel  eye 
would  not  WA  a  rule  be  considered  safe  if  forged 

Etiteiy  and  w^elde<i  to  a  steel  rotl,  as  it  would 
made  in  iron  and  welded  to  iron.  Upset- 
roL.  viii. 


ting  is  only  suitable  for  local  enlargements  of 
no  great  length  or  diameter.  Its  principal 
vahie  IB  in  enlarging  end.'^  for  welds,  and  in 
providing  metal  for  cuUars  vti  small  dimensions. 
If  collai*s  exceed  alx^ut  twice  the  diameter  of  a 
shaft,  and  a  length  equal  to  diameter,  they  ai^e 
better  made  as  rings,  and  welded  nmnd  tJie 
shaft.  Upsetting  is  also  nece^ssaiy  when  bars 
have  to  be  l>ent  round  quick  curves.  Its  amount 
is  not  great,  being  only  required  to  provide 
extra  metal  to  counteract  the  extension  and 
attenuation  of  the  fibres  on  the  outer  portions 
of  the  curve. 

The  forging  of  small  stamped  work  is  a  highly 
important  section  of  smithing  in  many  modern 
shops.  Without  the  adoption  of  this  device 
many  articles  could  neither  be  done  cheaply, 
accurately,  uniformly,  or  expeditiously*  By  its 
adoption  a  good  deal  of  laborious  hand  forging 
is  saved,  and  verj*  often  some  machining.  More- 
over many  articles  w^bich  w*ould  otheiwise  be 
cast  in  malleable  iron,  steel,  or  even  gun -metal, 
are  better  made  by  forging.  To  m.vry  the 
system  out  on  an  extensive  scale  requires  a 
rather  expensive  stock  of  dies  or  stamps. 
Nevertheless  the  system  is  better  if  allowed 
to  develop  naturally^  in  which  ease  the  outlay 
for  any  given  year  need  not  be  heavy.  Generally, 
too,  wr)rk  of  this  kind  should  be  i^estricted  to  two 
or  thi'ce  hands,  who  then  acquii'e  a  facility  in 
the  preliminary  preparation  of  the  forgings,  and 
in  the  manipulation  of  the  ilies.  Generally, 
ttjo,  the  smitli  will  design  his  own  dies^  because 
he  knows  better  than  any  one  else  the  precise 
nature  of  the  dithcuhies  which  are  met  with  in 
tlie  stamping  and  delivery  *>f  the  forgings. 
These  often  necessitate  a  construction,  the 
treasons  for  which  would  not  be  obvious  to 
any  one  whose  experience  in  these  matters  has 
not  l*een  t^f  a  practical  nature. 

Smithy. — The  shop  in  wliich  the  operations  of 
forging  are  carried  on.  With  few  exceptions j 
it  is  an  oblong  building,  constructed  similarly  aa 
regards  w*aUs  and  roof  to  the  other  buildings  in 
a  w^orks.  Forges  are  ranged  down  one  side  if 
the  shop  is  narrow^,  dow*n  tw*o  opposite  sides 
if  it  is  of  good  width.  With  a  single  Hue  of 
forges,  the  opposite  wall  and  the  ground  adjacent 
are  occupie^l  with  stands  of  iron  bars,  and  with 
odd  ends,  or  dies  on  shelves.  If  both  walls  are 
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utilised  for  forges,  the  central  area  of  the  shop, 
or  an  end  are  reserved  for  storage.  When 
machines  are  employed  they  are  located  about 
the  centre  of  tlie  shop  adjacent  to  the  forges 
which  require  them  most. 

The  pipes  which  supply  blast  to  the  forges 
are  brought  along  about  level  with  the  ground 
against  the  wall,  atid  are  brought  in  at  the 
backs  of  the  forges.  A  handle  comes  from 
the  throttle  valve  to  the  side  where  the  smith 
stands.  The  forges  are  built  of  brick,  with  a 
central  space  for  :  the  fire.  Sheet-iron  hoods 
above  conduct  the  smoke  into  the  chimneys, 
built  of  brick,  and  standing  out  from  the  wall. 
In  front  of  the  forge  is  a  bunker  for  small  coal, 
and  a  water  bosh. for  damping  the  coal,  and 
for  cooling  and  hardening  work.  Pipes  laid 
undergix)und  convey  steam,  compressed  air,  or 
pressure  water  to  the  hammers  and  machinevS 
ranged  down  the  middle  of  the  shop. 

Anvils  are  stood  in  front  of  the  sp^^ces  between 
forges,  standing  out  beyond  the  front  of  the 
forge,  to  leave  room  for  the  smith  to  manipulate 
the  work  between  the  anvil  and  the  forge,  but 
not  encroaching  much  on  the  clear  shop  area. 
Adjacent  is  the  swage  block,  and  often  an 
upsetting  block  sunk  in  the  floor.  Hacks  for 
tools  occupy,  the  wall  areas  between  forgqs.    • 

The  machine  section  of  a  smithy  bears  very 
different  relative  proportions  to  the  liumbf^r  of 
men  and  fires  in  different  shops.  In  ordifiary 
smithies,  i.e.,  not  stiimpiug . shops,  the  principal 
machines  are  the  hot.  iron  saw,  the  Ryder  forging 
machine,  and  power  hanmiers,  either  of  steam,  or 
some  form  of  drop  type.  These  must  not  be  far 
from  the  forges.  The  hammers  may  number  one 
to  every  three  or  four  forges.  They  must  be  pro- 
portioned in  powder  to  the  nature  of  the  work  done, 
and  will  l)e  of  different  powers  at  various  parts  of 
the  shop,  corresponding  with  the  light  and  heavy 
forgings.  Cranes  are  required  also.  A  man 
handling  the  lightest  articles  requires  no  aids 
from  power.  But  for  articles  exceeding  a  few 
pounds  in  weight,  a  swinging  horizontal  jib, 
pivoted  to  the  wall,  and  carrying  a  fixed  pulley 
is  required.  For  heavier  jobs,  a  pair  of  blocks 
may  be  slung  from  the  jib.  For  work  exceeding 
about  half  a  ton,  a  regular  crane  is  necessary 
for  rapid  handling.  It  is  still  a  horizontal  jib 
crane,  but  fitted  with  a  travelling  jenny  worked 
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from  a  winch  bolted  to  the  wall,  or  from  regular 
gears  attached  to  a  pivoted. post  to  which  the 
jib  is  attached.  Or  one  of  ;titie  Jight  hydraulic 
or  pneumatic  cranes  is' snij^able.'.  *.  For  heavy 
forgings,  massive  jib  cranes  ftre  built  resembling 
those  employed  in  foundrie^v-w  ' 

Heavy,  and  light  work  .ai^iii^ndlod;  in  general 
engineers^  smithies.  Eitljer  >  may;^  predominate 
in  some  shops,  in  others  thetvo  may  be  present 
in  about  equal  or\  unequal -l^l^grees.  This  dis- 
tinction entails  differences  in  methods  of  hand- 
ling, both  in  regard  to  machines,  and  in  location 
of  work.  Heavy  and  light  jE^cles  require 
machines  and  appliances  of  •  different  powei-s 
and  sizes.  For  this  reason  the  two  groups  of 
work  are  kept  separate  -in  diflferetit  areas,  or  in 
distinct  shops. 

Further,  the  methods  which  are  adopted  in 
light  and  in  heavy  work  differ,  or  should  diffei- 
if  economy  is  regarded.  Dies  are  of  much 
greater -value  in  the  first  than  in  the  last  named. 
ThQ  question  of  ..their  employment 'is  one  not 
altogether  dependent  on  size,  or  on  numbers  off, 
though  each  condition  is  of  great  importance 
in  helping  to  a  settlement.  For  though  forgings 
may  be  fairly  heavy,  and  too  large  to  be  stampe<l 
wholly,  yet  portions  may  be  often  finishe^l 
economically,  in  dies  after  rhaving  been  brought 
approximately  to  outline  under  the  power  ham- 
mers or  on  the  anvil.  In  the  case  of  light 
forgings,  a  small  number  maj  be'  8tami>ed  with 
advantage,  but  so  'much  expense  is  not  put 
into  the  dies  as  when  large  quantities  are 
ordered. 

Lighting  should  be  ample.  Windows  can  In- 
inserted  in  walls  between  forges  above  the  \,okA 
racks.  Or  a  ridge  roof  may  give  enough  light 
by  inserting  enough  glass.  Or  a*  sawtooth  ruof 
will  be  suitable.  Tracks  may  be  laid  down  tlu* 
shop  for  light  or  heavy  work.  They  siivi*  a 
lot  of  carrying,  not  only  of  forgings,  but  of 
materials,  iron,  steel,  and  coal. 

Fig.  244,  Plate  XVI.,  shows  the  interior  t>f 
the  smithy  of  Messrs  Mather  k  Piatt,  Ltd. 
It  illustrates  well  the  arrangement  of  hearths, 
anvils,  steam  hammei-s,  and  cranes,  and  nee<ls 
no  explanation. 

A  shop  of  a  different  class  is  representee!  in 
Fig.  245,  Plate  XVI.,  that  of  the  Birniinghani 
8mall    Arms    Co.,    Ltd.,  .in    the    steam-stamp 
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Fig.  244.— Smith V  or  Matkkr  *k  Platt,  Ltd. 
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department.  These  stamps  are  employed  for 
the  lighter  classes  of  objects,  while  the  steam 
hammers  in  the  next  aisle  are  used  for  heavier 
pieces.  Light  swinging  grinders,  one  of  which 
may  be  seen  in  front  of  the  foremost  steam 
hammer,  are  used  to  trim  the  forgings;  the 
grinding  wheel  is  driven  by  a  belt  from  a  pulley 
at  the  articulatecl  end  of  the  arm. 

Smoke,  Smoke  Prevention.— The  pur- 
pose of  a  combustion  furnace  is  to  produce  heat 
by  the  chemical  combination  of  two  elements — 
carbon  and  oxygen.  Unfortunately  it  is  not 
possible  to  exclude  the  interference  of  other 
elements.  Our  source  of  oxygen  is  the  atmos- 
phere, which  consists  of  '23  parts  of  oxygen  to 
77  parts  of  nitrogen,  and  this  latter  gas  being 
chemically  inactive,  reduces  the  temperature. 
Fuels  also,  solid,  liquid,  and  gaseous,  consist  of 
carbon  and  hydrogen  mixed  with  mineral  matter 
— which  is  left  behind  as  ash.  For  the  complete 
combustion  of  1  lb.  of  carbon,  2  J  lb.  of  oxygen 
would  be  required,  and  the  heat  generated  would 
equal  14,647  B.Th.U.  Using  air,  however,  as 
the  source  of  oxygen,  a  weight  of  15  to  25  lb.  is 
requii-ed  in  theory  per  lb.  of  fuel,  and  the  action 
of  the  other  elements  mentioned,  in  reducing 
temperature,  gives  an  actual  furnace  temperature 
of  2,500'  to  3,000"  instead  of  the  ideal  18,440" 
Fahr. 

The  chemical  bodies  comprised  in  smoke  are 
carbonic  acid,  carbonic  oxide,  oxygen,  hydrogen, 
nitrogen,  and  solid  carbon  in  a  finely  divided 
state  held  in  suspension  in  the  gases  and  in 
•steam.  Tlie  finely  divide<l  carbon  does  not 
become  deposited  until  the  temperature  lowers, 
and  that  occurs  against  the  sides  of  boiler  flues 
and  chinmeys.  Tlie  carbon  is  deposited  from 
hydrocarbons,  the  carbon  appearing  as  black 
smoke,  and  the  hydrogen  remaining  free.  Burn- 
ing pure  carlxm  even  with  an  insufficient  supply 
of  air  will  not  produce  smoke.  Black  smoke 
issues  fi*om  a  boiler  chimney  immediately  after 
the  throwing  of  a  fresh  charge  of  coal  upon  the 
fire.  What  happens  is  this :  When  the  gi*een 
coal  comes  into  contact  with  the  incandescent 
mass  on  the  fire-grate,  hydrocarlx)ns  are  dis- 
tilled off  at  once.  If  suflicient  oxygen  to  cause 
the  complete  combustion  of  these  hydrocarbons 
is  brought  into  cH>ntact  with  them  they  will 
bum  on  the  grate.      If   not,  the  unconsumed 


portion  will  pass  on  to  the  chimney.  Then,  if 
rapidly  cooled,  the  carbon  becomes  deposited  as 
black  smoke,  and  the  hydrogen  remains  free. 
The  loss  due  to  black  smoke  is  not  nearly  so 
great  as  has  generally  been  supposed,  not  exceed- 
ing at  the  outside  1*5  per  cent.  It  is  quite 
possible  that  colourless  smoke  may  involve 
greater  loss  even  than  black  smoke,  because  it 
may  contain  carbonic  oxide.  This,  too,  is  the 
mast  poisonous  of  the  products  of  combustion. 

The  smoke  problem,  then,  is  a  problem  of 
temperature.  When  fresh  bituminous  cojil  is 
placed  on  a  fire  it  begins  to  give  off  volatile 
hydrocarbon  gases — the  green  unburnt  particles 
of  carbon  loaded  with  tarry  matter  seen  rising 
in  domestic  grates.  These  hydrocarbon  gases 
are,  however,  combustible,  and  ignite  if  they 
pass  into  a  sufficiently  hot  zone,  producing  C0.» 
and  steam.  Any  chilling  of  these  ignited  gases 
against  cold  surfaces  results  in  the  deposition 
of  soot,  and  the  emission  of  black  smoke.  It 
is  essential,  therefore,  that  additional  air  should 
be  admitted  inmiediately  after  each  stoking, 
to  mix  with  these  hydrocarbon  gases  (which 
are  driven  off  in  two  and  a  half  to  three  minutes 
after  firing),  and  also  that  this  mixtth*e  of  air 
and  combustible  gas  should  be  maintained  at 
a  sufficiently  high  temperature  to  ensure  com- 
bustion. A  temperature  of  650°  to  700**  Cent, 
is  necessaiy  to  ignite  these  gases.  Provision 
must  also  be  made  to  avoid  the  cooling  of 
the  flames  and  consequent  production  of  the 
black  smoke  just  mentioned.  This  is  ensured 
by  lining  the  interior  of  furnaces  with  fire-brick, 
which  is  a  bad  conductor  of  heat,  and  by  the 
provision  of  fire-brick  arches  serving  to  baffle 
the  gases  before  they  reach  and  are  cooled  by 
the  boiler  tubes.  The  construction  of  an  ideal 
furnace,  then,  must  be  such  as  to  admit  of  an 
ample  dmught  of  air  (through  the  furnace  door, 
grids,  or  grates)  to  mix  with  the  hydrocarbon 
gases,  and  also  protective  fire-brick  lining,  tfec, 
to  retain  sufficient  heat  for  the  combustion  of 
these  gases. 

Both  excess,  and  deficiency  of  air  produce 
smoke.  Excess  of  air  means  that  an  extra 
volume  of  gas  has  to  be  heated,  and  heat 
consequently  lost  up  the  chimney ;  while  an 
insufficient  quantity  leads  to  imperfect  com- 
bustion,   waste   of    fuel  passing  away   in   the 
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form  of  CO.  Where  a  lofty  chimney  is  im- 
practicable, air  is  forced  through  the  furnace 
by  a  fan,  drawn  through  by  the  action  of  a 
jet  of  exhaust  steam,  or  by  means  of  other 
devices.  See  Chimney,  Forced  Draught, 
Induced  Draught.  Yet  even  with  ideal 
conditions,  bad  st-oking  will  cause  smoke,  and 
consequent  loss  of  fuel  and  heat,  while  scientific 
stoking  with  a  bad  furnace  often  produces  smoke- 
less combustion.  Spreading  large  quantities  of 
fuel  over  the  surface  of  the  fn^  is  certain  to 
produce  smoke,  since  a  great  amount  of  heat 
is  rendered  latent  during  the  conversion  of  the 
solid  into  a  gas,  and  the  temperature  conse- 
quently falls  below  that  necessary  for  the 
ignition  of  the  escaping  gases.  Two  methods 
are  employed  to  obviate  any  such  loss  in 
temperature — (1)  side-firing,  and  (2)  coking. 

In  side-firing  the  fresh  coal  is  heaped  first  on 
one  side  and  then  on  the  other,  so  as  to  main- 
tain one-half  of  the  fire  always  in  a  state  of 
incandescence.  In  coking,  ths  fuel  is  placed 
near  the  door,  so  that  the  liberated  gases  pass 
over,  and  are  burnt  by  the  heat  of  the  incan- 
descent portion.  When  thoroughly  coked  the 
fuel  is  spread  over  the  fire,  and  a  fresh  portion 
of  fuel  heaped  in  the  front  part  of  the  fire. 
Various  successful  mechanical  appliances  have 
been  invefited  to  take  the  place  of  the  human 
and  fallible  stoker,  and  these  are  dealt  with  at 
length  under  Mechanical  Stokers. 

Gas  Producers,  of  course,  provide  a  means 
of  smokeless  combustion  of  fuel.  The  spraying 
of  fuel  with  chemical  solutions  evolving  oxygen 
has  been  resorted  to;  while  powdered  coal  blown 
into  the  furnace  with  a  sufficient  volume  of  air 
also  ensures  complete  combustion. 

The  degree  of  intensity  of  smoke  emitted  by 
a  chimney  is  estimated  by  comparison  with  a 
series  of  scales.  These  are  squares  of  paper 
having  a  number  of  lines  ruled  at  right  angles 
across  their  surface,  and  when  placed  at  a 
distance  from  the  eye  the  individual  lines  are 
indistinguishable,  and  the  charts  present  more 
or  less  grey  surfaces.  Of  the  six  comprising 
the  series.  No.  0  is  white,  having  no  lines,  and 
corresponds  with  "  no  smoke  " ;  No.  5  is  entirely 
black,  and  indicates  "  very  black  smoke " ; 
No.  1  is  ruled  with  black  lines  1  in.  wide, 
adjacent  to  spaces  9  in.  wide,  denoting  "light 
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grey  smoke";  No.  2,  "  dark  grey,"  has  black 
lines  2*3  in.  wide,  and  white  spaces  7*7  in.  wide ; 
No.  3,  "darker  grey,"  has  black  b'nes  3*7  in. 
wide,  and  white  spaces  6*3  in.  wide;  No.  4, 
"black"  smoke,  has  black  lines  5*5  in.  wide, 
and  white  spaces  4*5  in.  \vide. 

The  degree  of  intensity  of  smoke  emitted  at 
the  chimney  top  is  identified  by  comparison 
with  these  charts,  and  tests  are  i-ecoixled  on 
plotted  diagrams  in  which  six  horizontal  lines 
represent  these  smoke  shades,  and  the  vertical 
lines  represent  hours  by  intervals  of  five  minutes. 

It  is,  however,  quite  possible  that  no  smoke 
may  be  emitted  from  the  chimney  and  yet 
combustion  be  very  far  from  perfect.  The 
absence  of  smoke  may  be  due  to  an  excess  of 
air  which  allows  abundance  of  oxygen  for 
combustion,  but  owing  to  the  excessive  volume 
of  gas  to  be  heated  the  temperature  in  the 
flues  is  too  greatly  reduced.  Or  again,  though 
no  visible  smoke  escapes  from  the  chimney,  in- 
visible gases — carbon  monoxide  and  unaltered 
hydrocarbons — may  pass  off,  either  owing  to  a 
deficiency  of  air  in  the  furnace,  or  to  an  in- 
sufficiently high  temperature.  Smoke  charts 
alone,  then,  do  not,  by  any  means,  tell  the  whole 
story,  and  various  other  means  and  apparatus 
are  employed  to  indicate  the  degree  to  which 
conditions  of  perfect  combustion  are  approached. 
The  interior  of  the  furnace  is  inspected  through 
a  coloured  glass — generally  of  a  violet  blue  tint 
Unburned  gases  viewed  thi*ough  such  a  glass 
present  a  dark  brown  appearance,  gradually 
becoming  transparent  as  they  enter  the  area  of 
perfect  combustion.  The  speed  of  the  draught 
is  measured  with  an  anemometer,  consisting 
essentially  of  a  U-shaped  tube  half  filled  with 
water,  and  one  end  of  which  is  placed  about  a 
couple  of  feet  into  the  flue,  the  pull  of  the 
chimney  being  measured  on  a  scale.  Tempera- 
tures are  measured  by  mercury  thermometers 
of  a  special  type,  or  for  very  high  temperatures, 
by  water  or  electrical  pyrometers;  samples  of 
waste  gases  are  taken  and  tested  for  carbon 
dioxide,  carbon  monoxide,  and  oxygen. 

Smoke  Scales.— ^Sec  Smoke,  Smoke 
Prevention. 

Snap  Flask. — A  moulding  box  which  is 
hinged  at  one  corner,  and  fastened  with  a  key 
or  snap  at  the  opposite  comer.     The  object  of 
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this  is  to  permit  the  removal  of  the  box  frum  its 
motild,  so  that  the  box  can  be  taken  away,  leav- 
ing the  mould  on  the  floor  for  pouring.  Very 
few  boxes  are  therefore  required,  being  limited  to 
those  which  are  in  service  for  actual  moulding* 

The  use  of  snap  flaski;  has  greatly  extended 
of  late  years  especially  in  Amenean  foundries. 
Though  their  utilities  ai*e  limited  by  dimensions 
and  clasH  t>f  mould,  yet  within  those  limits*  they 
are  of  much  value.  They  are  not  suitable  for 
work  t*equiring  boxeis  of  more  than  12  in,  or 
15  in.  sciuare,  h€H!ause!  Isevond  tho^  dimenaitms 
the  sand  would  not  hold  together.  The  only 
reinfoi^cemetit  which  it  has  ia  an  ii*on  ring  or 
rings  rJtmmed  in  top  and  bott*jm  parts.  The 
top  is  loaried  with  a  couple  of  weights  to  prevent 
opening  of  the  joints.  The  box  parts  are  made 
4>f  wood,  with  fittings  of  malleahlti  ea.sfc  iron» 

Snap  Gauge.— Se^  Caliper  Gauge. 

Snap  Head.— SVr  Rivets. 

Snatch  Block,  Fall  Block,  ur  Return 
Hlock^ — The  pulley  or  pvill^^ys  with  their  con- 
nections round  which  the  lioif^ting  chain  of  a 
crane  is  camed  to  gain  power*  A  single  fall  of 
chain  from  the  overhead  pulley  carrying  the 
hook  at  its  end  provides  for  lifting  at  the  stime 
rate  as  that  of  the  drum,  with  no  further 
increa^  in  power.  But  when  the  chain  passes 
round  a  pulley  the  i^te  of  lift  is  halve<j,  anfl  tlie 
mechanical  gain  or  power — neglecting  the  effect 
of  friction^ is  doubled.  The  load  is  also  di\nded 
between  two  falls  of  chain,  «o  that  the  sisie  of 
the  latter  is  lessent^l^  with  increase  in  flexibility. 
The  principle  is  carried  still  further.  Cranes 
below  4  or  5  tons'  power  lift  on  a  single  chain. 
But  whOe  cranes  from  about  4  or  5  tons^  power 
are  fitted  with  «  single  puUeyj  those  of  from 
about  15  t*itns  have  two  pulleys,  while  for  the 
highest  powers  the  number  of  pulleys  is  increased 
etill  further.  The  pulleys  at  the  jib  head,  or  on 
the  crab  must  be  equal  in  number  to  those  in 
the  fall  block.  The  length  of  chain  or  wire 
rope  will  have  to  be  increased  to  correspond 
with  the  added  lengths  due  to  the  extra  pulleys 
and  falls.  The  str^ses  in  the  jib  and  tie  rods 
are  modified. 

The  device  of  attacliing  snatch  bkK:ks  to  a 
€rab  for  incretising  powder  is  applied  also,  though 
in  a  dtffeiYrnt  way,  to  traveller  crabs.  Only  for 
the  lightest  loads  is  the  lift  on  a  single  chain. 


A    twopar^t   chain    witli   a    snatch    or    return 
block  is  the  fii^t  departure. 

The  employment  of  a  snatch  block  on  a 
traveller  cmb  has  the  same  effect  as  on  any 
other  form  of  hoisting  niacliine^  The  maehine 
is  capable  of  lifting  twice  the  load,  though,  of 
course,  at  a  corresponding  loss  of  speed.  It  i.s 
then  necessary  that  one  end  of  the  chain  Khali 
l>e  looped  over  a  loose  pulley  on  the  crab.  A 
pulley  or  pulleys^  therefore,  according  to  the 
number  of  bights  in  the  chain,  are  suspended  in 
the  crab,  forming  with  the  snatch  block  the 
essential  combination  seen  in  the  common 
movable  pulley  blocks.  The  pulley  or  pulleys 
are  slung  in  a  wrought 4 i"on  strap,  which  in 
turn  is  suspended  fj^om  a  pillow  block  on  the 
crab.  This  is  generally  a  casting  made  to  bridge 
the  ci-ab  cheeks,  or  bolted  to  a  croiis  girder 
bridging  the  cheeks  at  the  top.  As  powera 
increase,  four-part.,  six-part,  and  even  eight-part 
chains  are  used.  The  pulleys  are  divided  between 
the  snatch  block  and  the  crab.  In  most  instances 
there  m  one  lead  off  fiTim  the  bari-el,  but  in  very 
hC'iivy  machinery  tbei*e  are  two,  the  chain  or 
rope  coiling  from  the  ends  of  the  barrel  towanls 
the  centre.  For  heavy  loads  two  drums  ai^e 
frequently  combined,  the  bight  of  the  chain 
dep^'nding  fi'oni  both. 

The  pulleys  are  cast  in  iron  or  steel,  and  if 
they  carry  wire  rope,  ai^  turned  in  their  grooves. 
They  run  loosely  on  a  pin  whieli  passes  through 
the  cheeks  between  which  the  pulley  or  pulleys 
run,  and  their  bosses  l>ear  against  boss  facings 
on  the  cheeks.  Distance  pieces  and  bolts  main- 
tain the  cheeks  at  the  correct  distance  apait  in 
two  places,  about  on  a  level  with  the  pin.  Below 
they  are  kept  apart  by  the  swivel  block  of  the 
hook.  When  there  is  more  than  one  pulley, 
in te immediate  platen*  are  fitted,  each  confine*!  by 
distance  pieces.  The  cheeks  are  usually  of 
forgings,  or  plated^  seldom  of  cast  iron,  though 
they  are  sometimes  so  made  in  the  cheaper  and 
smaller  cranes.  The  ht^kok  swivels  either  on  a 
pin^  as  ia  usual  on  the  lighter  craneu,  or  on  races 
of  balls  or  c^nea  in  all  the  heaiHest.  In  very 
hejivy  cranes  provision  is  made  for  slewing  the 
block  by  worm  gear.  As  might  be  expected, 
there  is  considerable  variation  in  the  designs  of 
these  blocks,  which  vary  with  dimensions,  and 
with  grade  of  workmanship. 
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A  very  common  design  of  block  is  made  with 
skeleton  cheeks  which  are  forgings,  used  for 
cranes  from  about  5  to  say  10  tons.  Cutting  of 
plates  is  avoided,  but  at  the  expense  of  smithing. 
The  cheeks,  in  iron,  are  formed  by  welding  the 
pieces  to  the  tee  form,  or  by  cutting  and  opening 
out,  or  they  can  be  stamped  in  steel,  or  they 
can  be  neatly  finished  by  stamping,  if  in  iron. 
The  holes  are  drilled  from  a  sheet-iron  templet. 
The  distance  pieces  are  castings,  or  they  may  be 


good  work.  The  hook  is  carried  in  a  block 
which  permits  it  to  swivel  in  the  vertical  and 
horizontal  planes.  The  hook  has  a  stem  turned 
on  it  which  -passes  freely  through  a  hole  drilled 
in  the  block.  A  cotter  with  a  deep  countersink 
receives  the  end  of  the  stem,  which  is  riveted 
over  into  the  countersink.  Or  a  nut  may  be 
used.  Thin  washers  are  interposed,  having  oil 
grooves.  The  block  is  turned  with  a  pin  at 
each  end,  through  which  split  pins  pass,  each 
in  front  of  a  washer.  The  hook,  therefore, 
swivels  in  its  block,  and  the  block  in  the  cheeks. 
Fig.  246  illustrates  a  simple  form  of  block 
with  plated  cheeks.  It  has  two  distance 
pieces,  and  the  hook  swivels  only  in  a  vertical 
axis.  In  this  as  in  all  plated  blocks,  whether 
large  or  small,  the  plates  have  to  be  stiffened 
with   forgings  riveted  down  the  outrides,  and 
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Fig.  246.— Snatch  Block. 


Fig.  247. -Snatch  Bl.x:k. 


plain  pieces  of  tube  cut  to  length,  and  the  bolts 
pass  through  them.  The  distance  pieces  also 
prevent  the  chain  from  coming  off.  The  pulley 
pin  is  turned  with  a  head  at  one  end,  and  the 
other  end  projects  through  the  cheek  far  enough 
to  receive  a  split  pin  going  through  a  drilled 
hole,  and  a  washer  behind  it.  The  pulley,  of 
oast  iron,  is  made  for  chain.  A  hole  is  drilled 
diagonally  through  the  boss  for  oiling.  It  may 
or  may  not  be  brass  bushed,  but  it  should  be,  in 
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the   bosses   for   the   pulley  pin  are  formed  on 
these  plates. 

A  heavy  block  is  shown  in  Fig.  247  fitted  with 
three  pulleys.  It  has  intermediate  plates,  a, 
maintained  apart  by  distance  pieces  of  tube,  the 
bolts  passing  right  through  the  lot.  The  pulley 
pin  and  the  hook  block  are  each  shouldered 
down  at  the  ends,  and  screwed  to  receive  nuts 
which  are  retained  in  place  by  split  pins.  It  is 
not  necessary  to  take  out  the  pins  to  remove  a 
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cheek.  The  sh^nk  of  the  hook  which  goes 
through  the  block  b  threotieti  to  receive  a  nut, 
hj  and  a  split  pin  l»  passsed  through  nut  and 
screwed  entL  Washers  are  interposed  between 
the  nut  and  the  top  face  of  the  bl«3ck.  The 
pulleys  shown  are  for  wire  n>pe. 

In  a  heavy  design  of  bl(X*k  used  on  big  block 
setting  cranes,  and  on  cranes  in  steel  works, 
the  characteristic  feature  is  the  pn) vision  given 
for  making  minute  swivel  adjustments  through 
worm  gear.  The  worm  can  be  thrown  up  out 
of  the  way  when  loads  requiring  no  adjustment, 
or  light  loads  are  being  handled.  The  arm 
which  carries  the  worm  is  locked  with  a  pin 
both  when  in  and  out  of  gear. 

Antifrictiiyii  Dtvicis.  —  These  include  the 
washers  already  noted,  but  more  particularly 
the  conical  and  ball  races.  The  coneil  rollers 
are  used  for  very  heavy  cranes,  the  ball  races 
for  others.  The  rollers  are  truncatai  cones,  and 
run  loosely  with  a  slight  lateral  clearance  in 
races  of  corresponding  shapes.  They  are  turned 
from  a  tough  hard  grade  of  steel,  and  so  left,  or 
in  good  practice  are  hardened  and  ground. 
They  form  an  ideal  race  but  are  expensive. 

The  ball  races  have  either  vee'd  or  concave 
seatings.  The  old  method  of  making  the  seat- 
ings  with  equal  angles  is  incorrect,  because  some 
slipping  and  sliding  must  result.  They  should 
be  based  on  a  conical  construction,  which  ensures 
equal  rolling  contact  on  the  inner  and  outer 
radii.  In  the  concave  seatings  the  rolling  takes 
place  at  top  and  bottom  only.  A  good  design 
of  race  which  permits  the  hook  to  sway  with 
the  load  is  by  the  Hoffman  Manufacturing  Co. 
The  balls  loin  between  rings  with  sloping  faces 
confined  between  a  casing.  The  lower  ring 
slipping  on  its  bevelled  seating  accommodates 
itself  to  swaying  motions.  The  shank  of  the 
hook  is  also  loosely  fitting  in  the  hole  in  its 
block.  A  washer  overlapping  the  casing,  and 
coming  between  that  and  the  nut  protects  the 
race  from  weather.  The  block  is  self-ccmtiiined. 
See  Ball  Bearings. 

Snout  Boring  Machine  —  >sv<;  Hori- 
zontal Boring  Machines. 

Snug. — A  lug  or  projection  on  a  casting  or 
forging,  usually  for  receiving  bolts  or  pins. 

Soaking  Pit.— A  deWce  invented  by  M. 
Gjers  in  1882  to  avoid  the  expense  of  reheating 


steel  in^ts  previous  to  n.»llini:.  When  at  tempts 
ha*.!  been  maile  to  «.lo  this  before'  the  soaking 
pits  were  thought  ot\  failure  resulted  in  vviise- 
quence  \yi  the  interior  remaining  in  a  semi-Huid 
ovmdition  while  the  outer  p*.H:tions  hail  becvuue 
har^leneii.  Either  ^K>rtious  <»f  the  iuteri\>r 
squirted  out  during  rvlling,  or  spread  out  UK>re 
than  the  exterii>r. 

31.  Gjers'  invention  i.\>usistevl  simply  iu  lowei> 
ing  the  ingots  as  soon  as  strippeil  intv»  a  brick- 
lined  pit,  only  a  few  inches  larger  than  th^ 
ingot,  and  cv>vering  it  iu  until  the  ceutrt^  ^>lkiv 
fieil,  by  which  time  the  heat  was  distribute^i 
equally  from  centre  to  circumference^  aiul  th^ 
ingot  could  be  rolleil. 

In  the  early  practit-v  the  pits  were  tirst  heateil 
by  the  intrixluctiou  i»f  i!ig\>ts,  which  were  aftei> 
wanls  reheated  until  the  teuqn^rature  of  tlie  |^ts 
had  been  raiseil  sutHciently  to  effwt  the  s^vikiug 
of  subsei)uent  ingots.  But  there  were  obvious 
objections  to  this.  At  pitv^ent  the  pits  are 
heated  with  gas,  which  is  ca(>able  i>f  rt^ulativui. 
A  number  of  pits  are  built  in  seritv*,  ami  have 
covers.  Little  heating  is  rtH|uii\Hl  when  the 
pits  are  in  regular  ust\ 

Soap  Suds. — Useil  for  lubricating  metal 
cutting  t<x)ls. 

Socket  Chisel— <^W  Chisel. 

Soda,  or  Sodium  Carbonate,   Na^tX),,, 

crystallises  in  transparent,  ci>lourU\Hs  rrvstals 
containing  G3  per  cent,  of  water  of  crystal < 
lisation,  and  is  very  otHoresivnt,  exposure  \k\ 
air  causing  it  to  turn  white  and  o|>aque.  U 
is  useil  extensively  in  glass- making,  Hi>ap  manu- 
facture, and  blt>aching.  The  pnH^tvsstvs  of  mauu- 
fjvcture  of  smia  are  liescrilHHl  under  Carbonate 
of  Soda.  The  action  ttf  siMia  on  the  sulphatt^ 
of  lime  present  in  Feed  Waters  in  i-i^fenHni 
to  under  that  title. 

Softwoods.-  These  ditler  iwww  ImnlwiMHlN 
generally,  in  Ixnng  soft  ami  light  in  weight, 
but  the  Ixitanical  distiurtioii  is  in  tho  sluqte 
of  their  leaves,  those  ut'  softw«M>(l  trtnw  Unug 
long  and  narniw,  and  thosn  of  lmi'4lw<MNl  short 
and  broad.  This  distin(^tion  kUh^h  not  correetly 
place  all  the  w<mm1s  according  to  thtnr  hard  or 
soft  ctharacter  from  tht^  wiMid-wcirker's  point 
of  view,  but  the  exceptional  ont»H  an^  not  of 
nmch  commercial  iniportnnce.  The  softwtMNlN  in 
gencM'al  use  an^  almost,  entirely  varlt^ies  of  pint* 
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and  fir,  obtained  from  North  Europe  and  North  • 
America.  Most  of  them  are  known  under  more 
than  one  name,  sometimes  by  that  of  the  district 
they  are  obtained  from,  or  by  the  port  of  ship- 
ment, and  sometimes  the  name  indicates  a 
characteristic  of  the  wood.  The  pines  and  firs 
are  all  very  much  alike  in  being  tall,  rapid- 
growing  trees  of  medium  diameter,  the  wood 
of  which  is  light  both  in  colour  and  in  weight. 
Some  are  resinous,  pitch  pine  being  particularly 
80,  and  fir  to  a  less  extent;  while  others,  yellow 
pine  being  an  example,  are  not.  The  timber  is 
not  generally  so  durable  as  hardwood,  but  is 
cheaper,  and,  owing  to  its  light  weight  and 
softness,  is  easy  to  work  and  to  handle,  and 
is  quite  suitable  for  many  purposes,  both  tem- 
porary and  permanent,  in  engineering  and 
building.  One  of  the  best  varieties  is  yellow 
pine,  used  in  the  construction  of  patterns. 
For  rougher  work  in  carpentry  the  cheaper 
and  slightly  harder  varieties  known  as  deal 
or  spruce  are  used. 

Solders,  Soldering. — The  union  of  metallic 
surfaces  by  means  of  an  alloy  which  adheres 
to  both  the  opposed  surfaces.  It  includes  the 
soft  and  the  hard  soldeiing,  in  which  brazing 
is  included.  The  exact  way  to  set  about  any 
given  job  will  vary,  but  the  general  principles 
are  simple.  The  subject  may  be  conveniently 
considered  under  the  heads  of  the  solders 
used,  and  of  the  methods  of  performing  the 
work. 

Solders. — These  are  termed  soft^  and  hard^ 
according  as  they  are  composed  of  tin  and 
lead  chiefly,  or  of  alloys  of  copper  and  zinc 
chiefly,  but  the  latter  includes  also  the 
silver  solders.  As  the  melting  points  of  the 
soft  solders  range  from  about  340°  Fahr.  to 
about  560°  Fahr.,  these  are  usually  fused  by 
the  heat  of  the  copper  bit.  But  the  hard 
solders  require  a  temperature  so  high  that  a 
coke  or  charcoal  fire,  or  the  blowpipe  are  used. 
It  is  also  a  more  prolonged  and  tedious  process. 
Numerous  solders  having  a  large  range  of 
temperature  are  required  to  suit  all  the  metals 
and  alloys  to  be  united,  because  it  is  a  rule 
that  a  solder  must  have  a  fusing  point  only 
slightly  less  than  that  of  the  material  which 
it  unites.  If  it  has  a  higher  melting  point, 
the  work  will  become  fused  before  the  solder 
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melts.  If  it  is  much  lower,  the  joint  will  be 
weaker  than  the  material.  This  is  a  point  of 
much  importance  -  when  the  work  is  subject 
to  much  stress,  as  in  pipes  and  tubes,  and 
when  it  has  to  be  bent,  rolled,  hammered,  or 
otherwise  treated  severely.  For  this  reason 
tables  of  melting  points  of  various  alloys 
covering  a  large  range  are  of  value.  It  is 
also  desirable  that  the  colour  of  the  solder 
shall  as  nearly  as  possible  resemble  that  of 
the  materials '  which  it  unites.  These  results 
are  secured  as  a  rule  by  employing  similar 
metal  or  alloy  in  the  solder  as  in  the  articles 
to  be  united,  adding  only  a  sufficient  pre- 
ponderance of  one  metal  or  metals  to  increase 
the  fusibility. 

Soft  Solders, — The  commonest  of  these  is 
composed  of  2  parts  of  tin  and  1  of  lead. 
It  melts  at  340°  Fahr.  The  tables  below 
give  the  melting  points  of  a  useful  range  of 
tin  and  lead  solders,  and  of  tin,  lead,  and 
bismuth  with  a  low  range  of  melting  points. 


Tin. 

Lead. 

Degrees  Fahr. 

1 

10 

541 

1 

25 

558 

1 

2 

441 

1 

5 

511 

2 

1 

340 

4 

1 

365 

6 

1 

381 

Tin. 

Lead. 

1 
Bismuth.      Degrees  Fahr. 

2 

1 
5 

2 
2 
3 

1  !         310 

2  236 

3  j         202 

Fiiixes. — The  nature  of  the  fluxes  used  is 
intimately  related  to  the  solders.  These  are 
necessary,  because  though  the  surfaces  to  be 
united  are  cleaned  first,  they  do  not  remain 
chemically  clean.  At  the  high  temperatures 
metallic  oxides  form,  and  unless  these  are 
dissolved,  union  will  not  take  place.  Hence  a 
flux  is  selected  which  is  most  suitable  to  the 
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metal  or  alio?  that  ib  being  Sjoldered.  The 
fluxes  used  are  chloride  of  zinc*  resin,  tallow, 
sMil-aroinoniac,  borax,  and  Sometimes  Venice 
turpt-utine,  and  Gallipoli  oil,  8ome  will  serve 
for  a  large  i*ange  of  work^  while  the  use  of 
t  others  is  i-estricted. 

Out  of  the  range  of  solders  a  composition 
can  be  selected  suitable  for  any  kind  of  soft 
metal  or  alloy.  The  mixture,  2  of  tin  and  1 
of  lead,  is  the  most  widely  u>»ed.  It  unites 
almost  Any  metals  and  alloys,  tinned  iron,  bm?*5, 
mic,  lead,  and  tiii«  The  tluxeii  uised  with  this 
are  chloiide  of  zinc,  and  resin,  sometimes 
aal-amnmniac.  The  two  last  are  applied  in  the 
form  of  powder,  but  the  chloride  of  ziiic  is 
obtained  by  dissolving  zinc  in  hydnx^hloric 
acid,  and  using  the  solution.  Lead  is  united  to 
lead,  using  tallow  as  a  flux.  The  solder  may  l>e 
the  tinuian^a  solder,  or  it  may  contain  larger 
pi-^oportions  of  lead* 

Hard  Solders. — These  are  mostly  the  spelter 

|»i>lderuj  so  called  because  /im.-,  or  the  spelter  of 
|IKtmnierce  enters  essentially  into  their  composi- 
tion* The  ordinary  mixture  is  1  of  copper  and 
1  of  zinc,  which  is  suitable  for  ordinary  brass 
%ork.  For  gunnietal  and  copper  work  the 
ptx»portion  of  copper  is  increased,  as  16  of 
copper  to  12  of  ^Lnc,  or  3  of  copper  to  1  of  zinc. 
The  copper  and  zinc  are  melted  together  and 
ptmred  into  an  ingot  mould  in  small  squares. 
These  are  then  heated  nearly  to  redness,  and 
broken  up  with  a  hammer  until  finely  granulated. 
These  are  uaed  for  iron,  steel,  copper,  and  brazing 
met-iiU     Bonix  is  the  tlujc  employed. 

tMethoda  (tf  Solder ituj — Soft  Solderintf. — The 
joints  employed  are  numerous,  Bome  Angle 
Joints  are  shown  under  that  head.  Some  form 
of  lap  joint  is  the  most  conmion.  The  surfaces 
are  scraped  J  and  dusted,  or  brushed  with  the 
flu:x*  A  stick  of  scjlder  is  taken  in  ime  hand, 
and  the  ci>p|>er  bit  in  the  other,  and  both  are 
draw  n  along  in  contact  w*ith  eiw;li  other,  and 
with  the  joint.  The  solder  is  fused  and  follows 
the  course  of  the  flux.  The  copper  bit  is  first 
heated,  filed  bright,  rubbed  on  sal-ammoniac, 
and  then  on  a  piece  of  tin,  after  which  it  is 
wiped  with  tow  and  is  ready  ftjr  use. 

A  variation  on  this  method  is  w^hat  is  termed 
ni^iititig^  which  is  suitable  for  large  areas* 
The  surfaces  are  cleaned  and  coated  with  tin, 


or  solder  spreail  over  with  the  copper  bit,  Tlie 
surfaces  are  then  brought  togetlier  and  heated 
until  the  solder  fuses  and  unites  them* 

Another  dev^ice  is  the  teiped  joitU^  used  by 
plumbers  for  jointing  the  ends  of  pipes. 
Plumber's  solder  is  composed  of  1  part  of  tin  to 
2  of  lead,  and  melts  at  about  441  Fahr»  The 
lead  pipejj  to  be  united  are  covered  on  each  side 
of  the  intended  joint  witli  a  mixture  of  size 
and  lamp-black  to  localise  the  joint .  The  parts 
which  are  to  form  the  actual  joint  are  then 
sciape<l  clean  with  the  shave  h(xik^  and  the 
clean  metal  rubbed  w^ith  tallow,  The  solder  is 
melted  and  poured  over  tlie  joint,  being  pre- 
vented from  running  away  by  holding  a  thick 
cloth  below,  or  encircling  the  pipe  with  clay. 
The  cloth  is  then  us(m1  to  wipe  or  shape  the  joint 
neatly  to  a  lmllx>us  form,  the  cloth  l>ejng 
gi-eased.  The  practice  of  different  men  varies 
both  in  regai'd  t^>  the  nature  of  the  flux  used, 
and  its  method  of  application.  Neatness  of 
manipulation  and  perfect  results  can  only  be 
secure<:i  by  experience* 

Hard  Soldering^ — In  this  the  use  of  binding 
wire  is  generally  essential,  because  the  work 
takes  more  time  than  that  of  the  soft  soldering, 
and  it  is  necessai-y  to  maintain  the  parts  in 
contact  until  the  operation  is  finished.  Fine 
iron  binding  wire  is  used.  The  joint  is  sprinkled 
with  crushed  borax  in  water,  and  with  the 
gi-anulat-ed  spelter.  The  temperature  is  raisefl 
gradually  Ut  the  red  heat  until  the  borax  fuses, 
followed  by  tlie  fusion  of  the  spelter,  which 
follows  the  Ixjrax  into  the  joint.  It  is  important 
to  raise  the  temperature  slowly  and  t**  graduate 
it  carefully.  If  the  borax  boils  up  too  quickly 
it  w411  push  the  spelter  from  the  joint.  Tlte 
Imrax  must  dry  off  slowly.  The  completion  of 
the  joint  may  be  gaugetl  by  the  blue  flame 
which  indicates  volatilisation  of  the  zinc  in  the 
spelter.  Coal  should  not  be  used  for  heating, 
but  coke  or  charcoal.  A  common  ftJi^ge  may  Im:* 
used,  t>r  a  braziers  hearth.  The  wrirk  may 
have  to  be  tapped  or  jnrr*^  at  the  concluding 
stage  to  ensure  the  running  of  the  spelter  into 
the  joint.  Wlien  tlie  joint  h  couipletetl,  the 
work  may  be  removed  from  the  fire  and  may  l>e 
cooled  in  water. 

In  silver  soldering,  borax  is  used  as  a  Hux, 
and  the  silver  is  used  in  little  sijuare  plates, 
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Solenoid. — An  electro  magnet,  usually  in  the 
form  of  a  hollow  coil  of  wire  having  a  movable 
or  traversing  iron  core,  the  position  of  which 
is  influenced  by  the  intensity  of  the  magnetic 
field  produced  inside  the  hollow  coil  when  cur- 
rent is  passed  around  its  windings.  Solenoids 
are  used  for  various  purposes — for  example  in 
Arc  Lamps,  Gravity  Ammeters,  Ac.  Also 
in  solenoid  magnetic  brakes  for  cranes  or  other 
machinei-y,  wherein  the  travel  of  the  sliding 
ijore,  produced  when  current  is  passed  through 
the  coils,  is  linked  up  to  apply  or  release  a 
friction  brake  to  the  machinery.  The  windings 
may  be  connected  either  in  shunt  or  in  series 
with  the  main  circuit  as  may  best  suit  the 
conditions.  Shunt  wound  solenoids,  for  in- 
stance, are  required  where  Electric  Brakings 
control  is  used,  but  where  this  system  is  not 
necessary,  as  for  haulage,  or  for  machine  tool 
driving,  the  solenoid  may  be  series  wound. 

Sole  Plate. — Is  applied  to  a  thin  bed  or 
base-plate  of  cast  iron.  Usually  it  is  a  plain 
plate,  without  ribs  or  flanges,  and  having  only 
stops  for  plummer  blocks  on  top,  and  joggles  on 
the  bottom  to  fit  into  timber  balks.  It  is  used 
for  winding  gears  chiefly. 

Solid. — The  difference  between  the  three 
states  of  matter — solid,  liquid,  and  gaseous — is 
merely  a  difference  in  degree  of  molecular 
motion.  It  is  entirely  a  question  of  the  extent 
to  which  molecular  attraction  is  permitted  to 
exert  itself.  When  these  molecules  liave  pei*fect 
freedom  of  motion,  parting  company  and  travers- 
ing space,  matter  is  in  the  state  known  as  a  gas. 
When  their  freedom  of  motion  is  more  limited, 
and  they  mutually  exert  attraction  much  as 
the  sun  attracts  the  earth,  and  the  earth  the 
moon,  the  gaseous  is  transformed  into  the  liquid 
state.  In  the  solid  state  the  molecules  of  matter 
are  still  further  limited  in  motion,  and  their 
mutual  attraction  is  still  greater,  so  that  the 
motion  becomes  one  of  vibration  between  groups 
of  molecules.  The  state  in  which  matter  occurs, 
therefore,  depends  on  the  kinetic  energy  of  its 
molecules.  Science  is  at  present  ignorant  of 
the  nature  of  this  force,  but  probably  it  will 
ultimately  be  found  to  be  an  electrical  pheno- 
menon. Instead,  therefore,  of  regarding  solids, 
licjuids,  and  gases  as  three  distinct  states  of 
matter,  it  would  be  more  scientifically  correct 
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to  regard  them  rather  as  three  stages  in  a  series 
of  graduated  changes. 

Speaking  generally,  gases  expand  more  than 
liquids  when  heated,  and  liquids  more  than 
solids.  As  solids  have  a  definite  shape,  a  dis- 
tinction is  made  between  linear,  superficial,  and 
cubical  expansion.  Whatever  fraction  of  its 
length,  surface,  or  volume  the  solid  expands  for 
1"  Cent.,  is  its  linear,  superficial,  or  cubical  co- 
efficient of  expansion.  As  the  coefficients  of 
different  solids  vary,  it  is  frequently  necessary 
in  engineering  practice  to  resort  to  Expansion 
Devices. 

Solid  Blows. — Hammer  blows  which  are 
delivered  on  an  object,  opposed  to  w^hich  is  the 
resistance  of  an  anvil  or  stake.  The  term  is 
used  to  denote  the  opposite  of  unopposed,  or 
hollow  blows,  employed  in  raising  works.  These 
tend  to  thicken  sheet  metals,  while  solid  blows 
thin  them. 

Solid  Columns.  —  Columns  or  pillars  in 
which  the  metal -is  massed  solidly,  a  form  which 
is  restricted  mostly  to  those  of  small  diameter, 
and  of  timber.  The  hollow  form  is  more 
economical  in  large  diameters,  in  cast  iron,  and 
in  the  built-up  Phoenix  type.  The  strength  of 
a  hollow  column  nearly  equals  the  difference 
between  that  of  two  solid  columns,  the  diameters 
of  which  are  equal  to  the  external  and  internal 
diameters  of  the  hollow  one.     For  the  strength 

of  columns  see  Columns. 

Solid  Coupling's.  —  Couplings  which  are 
forged  solidly  on  their  shafts,  as  in  propeller 
shafts,  and  occasionally  in  line  shafting.  Also 
the  solid  muff  form,     ^ee  Shafting'. 

Solid  Drawn  Tubes.— ^Vce  Tubes. 

Solid  Emery  Wheel. — The  common  wheel 
made  wholly  of  emery,  as  distinguished  from 
the  wooden  wheel,  or  the  lead  lap,  in  which  the 
periphery  only  is  charged  with  emery. 

Solid  Lubricants. — The  substitution  of  a 
solid  lubricant  for  fluid  oils  and  tallows,  and 
commercial  mixtures  would  do  away  with 
considerable  expense  incidental  to  the  use  of 
oil  cups,  tubes,  and  lubricators,  and  with  the 
difficulties  consequent  on  decomposition,  ttc. 
Comparatively  little  has  been  done  yet  in  this 
way. 

As  the  function  of  any  lubricant  is  to  effect  a 
separation  of  the  surfaces  in  contact,  it  would 
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appear  as  though  a  solid  lubricant  must  be  more 
efficient  than  even  the  heavy  viscous  oils. 
Plumbago  has  long  been  used  to  a  limited 
extent  for  lubricating  the  old  hardwood  bearings, 
which  thus  acquii-e  a  hard,  glossy,  and  durable 
surface.  Later  it  has  been  mixed  with  other 
substances  and  packed  in  grooves  similarly  to 
asbestos. 

A  form  of  lubricant  which  has  been  experi- 
mented on  largely  by  the  Franklin  Institute,  is 
fibre  graphite.  It  is  composed  of  finely  ground 
plumbago  mixed  with  wood  fibre  in  a  moist 
-condition,  and  pressed  into  a  mould  of  any 
i-equired  form.  It  is  then  saturated  with  a 
^Irying  oil,  and  oxidised  in  hot  dry  air. 

A  preparation  of  graphite  which  has  been 
very  favourably  reported  on  is  that  supplied  by 
the  Joseph  Dixon  Crucible  Co.,  of  Jersey  City, 
N.J.  The  crystalline  form  is  the  one  used,  as 
the  amorphous  is  usually  contaminated  with 
clay  and  gritty  particles.  The  flakes  of  graphite 
are  extremely  thin,  ranging  fix)m  about  0*001  in. 
to  0*0002  in.,  or  on  an  average  about  one-tenth 
the  thickness  of  ordinary  writing  paper.  This 
fills  up  minute  roughnesses  on  the  surfaces  of 
bearings,  and  attaches  itself  to  the  surfaces.  It 
is  used  alone  in  very  light  bearings,  but  is 
mixed  with  oil  for  heavy  bearings  in  the  propor- 
tion of  from  2  per  cent,  to  8  per  cent,  of  graphite 
to  oil,  according  to  conditions.  Tlie  graphite 
fills  up  all  pits  and  irregular  surfaces,  and 
prtxiuces  a  smooth  veneer  which  is  dense,  hard, 
and  durable,  and  pi*e vents  abi-asion.  It  has 
been  proved  suitable  for  gas  engine  cylinders  at 
temperatures  of  from  2,000'  to  3,obo'  Fahr., 
at  which  ordinary  oils  are  nearly  useless.  Heat 
lias  no  effect  on  graphite.  It  is  suitable  for  the 
bearings  of  i-olling  mills,  ladle  geai*s,  and  heavy 
and  hot  duty  generally.  Numerous  experiments 
have  shown  a  great  reduction  in  friction  by  the 
use  of  graphite.  Thus  Prof.  Kingsbury,  testing 
the  friction  of  screws,  showed  the  following  : — 


Lubricator. 


I^rel  i)il  (heavy  machinery) 
Oil,  mineral  ,,* 
Oil     and     graphite 
vohmies) 


(erjual 


Solid  Tools. — The  common  metal  cutting 
tools  which  are  forged  in  one  with  their  shanks, 
and  are  thus  distinguished  from  the  tool  points 
held  in  tool  holders. 

Solution. — Perhaps  the  best  definition  of  a 
solution  is  **a  homogeneous  mixture  of  hetero- 
geneous molecules,  which  allows  no  separation 
of  its  constituents  by  mechanical  means."  In 
its  full  sense  a  solution  may  be  a  mixture  of 
gases,  a  gas,  liquid  or  solid  dissolved  in  a  liquid, 
or  a  gas  or  solid  dissolved  in  a  solid.  The 
solubility  of  different  gases,  liquids,  and  solids 
in  liquids  .varies  widely.  A  given  volume  of 
water,  for  example,  absorbs  twice  as  much 
oxygen  as  hydrogen,  forty-five  times  iis  much 
carbon  dioxide  as  oxygen,  and  ^\^  hundred 
and  eighty  times  as  much  ammonia  as  oxygen. 
Liquids,  too,  are  miscible  with  one  another 
in  varying  degrees,  while  common  experience 
shows  to  what  an  extent  the  solubility  of 
solids  in  liquids  varies.  In  the  latter  case  a 
point  is  generally  reached  at  which  the  liquid 
refuses  to  absorb  any  further  amount  of  the 
solid,  and  the  solution  is  then  said  to  be 
saturated.  The  saturation  point,  however, 
depends  on  the  temperature,  the  quantity 
dissolved  increasing  as  the  temperature  rises, 
but  at  different  lates  with  different  substances. 
(In  the  case  of  gases,  however,  solubility 
diminishes  with  a  rise  in  temperature ;  in 
fact,  the  heating  of  a  liquid  is  resorted  to  in 
order  to  expel  contained  gas.)  The  Si)lution 
of  a  solid  in  a  liquid  is  generally  accompanied 
with  absorptitjn  of  heat ;  sometimes,  as  in  a 
chemical  solution,  ^'.i/.,  zinc  in  sulphuric  acid, 
a  rise  in  temperature  takes  place. 

The  weight  of  a  gas  dissolved  by  a  liquid 
increases  in  proportion  to  the  pressure  under 
which  it  is  dissolved,  which  is  an  obvious  de- 
duction from  Henry's  Iaw  that  a  liquid  at  a 
given  temperature  dissolves  the  same  volume 
of  a  gas  at  all  pressures. 

On  cooling  or  evaporating  a  satuiated  solution, 
the  excess  of  solid  dissolved  resumes  its  previous 
state  and  usually  assumes  a  definite  geometrical 
shape  termed  a  crystal.    ^V  Crystallography. 

The  peculiar  absoi*ption  of  gases  by  platinum 
and  (mlladium  may  be  regarded  as  examples  of 
solution,  and  it  is  a  question  whether  we  should 
not  regard  st<rel  as  a  solution  of  carlwn  in  iron. 
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Thei-e  is,  in  fact,  much  speculation  as  to  the 
state  in  which  a  substance  exists  when  dissolved 
in  another,  and  the  nature  of  the  changes  it 
undergoes.  The  subject  is  equally  as  interesting 
to  the  biologist  as  to  the  chemist,  and  it  has 
been  said  that  "  the  application  of  physical 
conceptions  to  the  problem  of  living  matter 
chiefly  depends  on  the  knowledge  we  possess 
of  the  physics  and  chemistry  of  ordinary  solu- 
tion." Summarising  the  most  generally  accepted 
and  most  probable  theory  of  solution,  it  is 
believed  that  some  of  the  molecules  of  a  dis- 
solved substance  break  up  into  ions,  which 
wander  aimlessly  through  the  liquid.  Thus, 
salt,  NaCl,  in  dissolving  breaks  up  into  ions 
of  sodium  and  ions  of  chlorine.  One  of  these 
ions,  sodium,  is  positive,  and  is  called  a  kation ; 
the  other,  chlorine,  is  negative,  and  is  termed  an 
anion.  On  passing  an  electric  current  through 
the  solution  the  ions  immediately  commence 
travelling  in  opposite  directions,  the  kation 
drifting  with  the  current  to  the  kathode,  and 
the  anion  going  towards  the  anode.  This 
theory  fits  in  very  well  with  the  facts  of 
electrolysis.  It  also  serves  to  explain  the 
phenomenon  of  chemical  precipitation.  Silver 
nitrate,  AgNOg,  gives  a  white  precipitate  with 
hydrochloric  acid,  HCl ;  the  hydrogen  and 
silver  ions  are  positive,  and  the  chlorine  and 
acid  radical  ions  are  negative,  and  by  the 
combination  of  the  silver  and  clilorine  ions 
a  new  substance  is  formed,  which  is  insoluble, 
and  is  therefore  precipitated.  These  facts  may 
be  graphically  represented  in  the  equation — 
+  -  +-  -f-  +- 
HCl  +  AgNO  =  AgCl  +  HNO 
the  silver  chloride,  AgCl,  being  the  precipitate. 

The  solubility  of  certain  substances  is  put 
to  practical  use  in  purifying  them  by  crystal- 
lisation or  filtration  from  solution,  and  also  in 
separating  substances  from  one  another  which 
differ  in  the  degree  of  their  solubility. 

Solution  Theory. — The  theory  that  solid 
solutions  of  alloys  behave  similarly  to  saline 
solutions  of  water.  See  Alloys,  and  Eutectic 
Alloy. 

Soot  Doors. — The  doors  at  the  front  ends 
of  the  brick-work  flues  of  Cornish  and  Lancashire 
boilers  through  which  the  accumulations  of  soot 
are  withdrawn. 
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Sorbite. — A  term  applied  to  a  condition  of 
steel  which  lies  between  cementite  and  ferrite 
in  unhardened  steel,  and  between  cementite 
and  martensite  in  hardened  steel.  It  shows  no 
striae  under  the  microscope. 

Sow. — The  main  channel  in  the  pig  bed 
coming  from  the  blast  furnace,  and  which  is  a 
feeder  to  the  pig  moulds. 

Sowers. — Machines  for  depositing  seeds  in 
a  regular  manner  over  large  areas.  Hoppers 
are  carried  on  a  framework  which  runs  on  the 
ground  through  the  medium  of  rollers,  and  & 
feed  mechanism  allows  the  seeds  to  escape  in 
a  regular  manner.  The  feed  in  some  cases 
consists  of  a  brass  slide,  while  in  others  a  re- 
volving disc  perforated  with  holes  regulates  the 
flow  of  seed.  The  rotation  of  the  shaft  actuates 
bevel  gears  coupled  up  to  the  disc,  which  is 
thus  rotated  as  long  as  the  sower  travels.  The 
rollers  are  broad,  and  concave,  so  that  they 
close  in  the  soil  around  the  seeds.  The  broad- 
cast sowers,  used  chiefly  for  grain  and  grass 
seeds,  have  a  long  box  which  slides  to  and  fro 
in  a  frame,  perforated  with  holes,  through  which 
the  seed  escapes.  The  reciprocation  is  trans- 
mitted to  the  box  by  gears  from  the  axle. 
Small  sowers  are  moved  by  hand,  larger  ones 
by  animal  power. 

Spacing^. — Signifies,  generally,  the  setting 
out  or  pitching  of  divisions  on  work,  such  as 
holes  for  bolts  and  rivets,  positions  of  bear- 
ings, brackets,  and  fittings. 

Spall,  Spalling. — The  accidental  breaking 
out  of  chips  in  timber  or  metal. 

Spandrel. — That  part  of  an  arched  structure 
which  is  enclosed  by  the  outer  part  of  the 
curve,  the  horizontal,  and  end  vertical  members. 
It  is  lightened  in  masonry,  and  filled  in  with 
ornament  in  an  iron  structure. 

Spanner. — A  bar  having  an  opening  or 
openings  to  fit  a  nut  or  screw,  and  a  handle  by 
which  suflicient  leverage  is  obtained.  Spanners 
are  made  of  wrought  iron,  wrought  steel,  and 
cast  steel,  and  are  case-hardened  in  the  better 
classes,  to  withstand  hard  usage,  and  retain 
their  dimensions  unaltered. 

The  simplest  spanner  or  wrench  is  a  plain 
bar,  having  an  opening  cut  at  the  end  to  fit 
the  nut  on  two  sides.  Fig.  248,  a.  The  handle 
portion  is  usually  thinned  down  and  tapered  off. 
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Special  spanners  which  are  used  by  boiler- 
makers  and  platers,  b,  have  long  handles,  ending 
in  a  podger,  which  is  useful  for  pulling  work  into 
line,  and  generally  adjusting 
plates,  «fec.,  without  using  the 
hands.  Platelayers  also  make 
use  of  long  handled  spanners, 
to  avoid  stooping. 

For  general  work,  spanners 
are  angled,  so  that  the  mouth 
stands  at  lo**  to  the  handle. 
Fig.  248,  c;  the  object  of  this 
is  to  enable  hexagon  nuts  to  be 
turned  in  confined  situations. 
Thus  a  nut  can  be  turned  com- 
pletely around  where  the  swing 
of  the  handle  is  limite<l  to 
30',  as  seen  in  d.  This  cannot 
be  done  with  a  straight 
spanner,  on  account  of  its 
fouling  the  sides  of  the  work 
enclasing  the  nut.  When  one 
spanner  is  constantly  in  use 
on  the  same  sizes  of  nuts,  as 
in  a  lathe  or  machine,  the 
single-end  type  is  satisfactory, 
but  when  a  number  of  different 
sizes  are  dealt  with,  it  is  better 
to  have  double- ended  spanners, 
so  that  the  total  number  is 
lessened.  Such  spanners  are 
usuallyangled,  e,  and  are  often 
<.*i"anked  into  an  S-shape,  p. 
For  square  nuts  the  jaw  form 
is  modified,  g,  these  being 
made  in  the  same  shapes 
as  those  for  hexagon  nuts. 

A  better  fit  on  the  nuts, 
without  risk  of  slipping,  is 
obtained  by  the  closed -in  or 
l)ox  spanners  ii  for  hexagon, 
and  J  for  square  nuts.  These 
are  largely  employed  for  lathe 
tool  posts,  shaper  tool-box 
screws,  tfec,  where  the  spanner 
is  in  frequent  request.  A 
combination  of  two  hexagon 
ends,  or  a  square  and  hexagon, 
or  an  open  and  a  closed 
square  is  common,  k.     When 


nuts  are  sunk  below  surfaces,  a  cranked  spanner 
is  necessary,  nee  L  and  M.  But  if  these  cannot 
be  used,  the  box  spanners  shown  in  succeeding 
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Fig.  248.— Spanners. 
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figures  are  employed.  N  and  o  can  be  used 
without  requiring  a  horizontal  space  above  the 
nut  for  the  sweep  of  a  handle ;  a  podger 
inserted  in  the  hole  at  the  end  of  the  shank  N, 
turns  it.  Frequently  a  cross-bar  is  permanently 
fixed  in  the  head  o.  Double-ended  types,  as 
at  P  and  Q,  are  made,  while  a  specially  heavy 
pattern  is  formed  out  of  a  solid  lump. 

Nuts  other  than  square  and  hexagon  have 
either  transverse  holes  drilled  in  them,  or  longi- 
tudinal slots  cut  down  the  body.  In  the  first 
ca«e  the  tommy  is  hooked,  R,  with  a  pin  end 
to  enter  into  the  holes,  in  the  second,  s,  a  bent 
end  engages  in  the  slots.  These  are  used  exten- 
sively on  machine  tools,  where  such  nuts  are 
fitted   to   spindles,   screws,   &c.,  for  adjusting 


back  of  the  jaw.  This  gives  a  very  solid  and 
firm  construction.  Direct  screw  action  is  largely 
employed,  in  types  like  the  Coach  type,  b,  in 
which  the  sliding  jaw  is  drawn  back  and 
forth  by  a  screw  turned  by  a  screwed  handle. 
In  the  Goes  type,  c,  the  sliding  jaw  is  moved 
by  a  screw  and  nut.  The  handle  is  forged  into 
a  flat  or  knife  form,  covered  on  each  side  with 
wood.  In  the  largest  patterns  the  screw  is 
adjusted  from  a  sliding  block,  secured  with  a 
wedge,  D.  In  the  Billings  tools,  e,  the  sliding 
jaw  fits  right  inside  the  handle  portion,  and  is 
moved  by  a  nut  encircling  the  screwed  tail  of 
the  jaw. 

Ratchet  wrenches  are  constructed  on  a  similar 
principle  to  the  ratchet  braces ;  they  save  a  good 


Fig.  249. — Spanners. 


purposes,  t  is  used  for  nuts  having  holes  in 
the  faces,  and  u  for  hollow-ended  screws  such 
as  are  employed  in  chucks. 

Adjustable  spanners,  or  wrenches,  or  monkey 
wrenches  are  useful  for  work  where  it  is  not 
convenient  or  desirable  to  have  a  large  number 
of  various  sizes  on  hand,  and  on  outdoor  work. 
A  simple  method  of  rendering  a  spanner  adjust- 
able is  to  fit  it  with  a  sliding  jaw,  secured  in 
any  position  with  a  wedge  hammered  up  tightly. 
Such  spanners  are  made  in  large  sizes  for  dealing 
with  big  nuts,  and  they  are  very  suitable  for 
sucli  work.  But  on  the  smaller  tools  some 
form  of  screw  adjustment  is  essential,  and  there 
are  several  ways  of  effecting  this.  The  Clyburn 
type.  Fig.  249,  a,  has  a  sliding  jaw  moved  to  and 
fro  by  a  short  worm,  engaging  in  teeth  on  the 
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deal  of  time,  which  would  be  otherwise  occupied 
in  taking  off*  and  putting  on  a  spanner  to  turn 
a  nut  in  an  awkward  situation. 

Spare  Parts,  Spare  Gear.— It  is  usual  in 

the  case  of  all  prime  movers,  machines,  and 
machinery  in  which  some  parts  are  subjected  to 
excessive  and  rapid  wear,  or  to  risk  of  fracture, 
to  include  the  supply  of  spare  gear  to  replace 
those  parts.  The  object  in  view  is  to  avoid 
lengthened  breakdowns  and  delays  which  would 
be  entailed  by  having  to  wait  while  new  parts 
were  being  ordered.  In  the  case  of  vessels  it 
becomes  an  absolute  necessity  if  the  risks  of 
partial  or  total  disablement  are  to  be  avoided. 
It  is  also  of  much  greater  importance  in 
machinery  delivered  to  the  Colonies  and  foreign 
countries  than  at  home.    The  principal  kinds  of 
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machines  for  which  spare  parts  are  supplied  are 
cranes  of  all  kinds,  mining  machiner};,  especially 
stamps,  builder's  and  contractor's  machinery, 
steam  engine  parts,  pump  parts,  pneumatic  tools, 
and  above  all  marine  engine  fittings.  The  last 
is  so  important  that  the  Boaixl  of  Trade  and 
Lloyd's  insist  on  a  certain  number  of  articles  of 
spare  gear  being  carried  in  all  steam  vessels 
which  are  classed  in  the  Register  books,  besides 
which  others  are  recommended  to  be  taken. 

Spark  Arrester. — Objection  is  sometimes 
made  to  the  employment  of  traction  engines,  on 
the  gi*ound  that  sparks  flying  therefrom  are 
liable  to  cause  fires.  Many  are  therefore  fitted 
with  a  device  for  preventing  escape  of  the  sparks. 
The  commonest  is  to  surround  the  top  of  the 
chimney  wuth  a  wire  cage,  which  may  be  relied 
on  to  effect  its  purpose  when  coal  or  wood  are 
used.  When  straw  is  used,  something  more 
etiicient  is  required.  In  one  dasign  a  dome- 
shaped  cap  is  fitted  above  the  chimney,  coming 
down  into  a  water  pocket  surrounding  it.  The 
sparks  are  thus  thrown  down  into  the  water 
and  extinguished.  Messrs  Huston,  Proctor,  ik 
Co.,  Ltd.,  fit  a  chimney  base  which  can  be  also 
used  as  a  water  spark  arrester.  It  is  fitted  at 
the  base  of  the  chimney.  A  deflecting  plate 
throws  the  sparks  down  into  a  water  chamber, 
and  prevents  them  from  entering  the  chimney. 

Another  is  the  St  rube.  It  comprises  an 
enlarged  hood  enclosing  a  conical  deflector 
against  Nvhich  the  sparks  striking,  are  thrown 
downwards.  To  prevent  risk  of  high  winds 
drawing  the  sparks  out,  a  guard  is  fitted  round 
the  top,  and  is  kept  facing  the  direction  of  the 
wind  by  l^eing  pivoted  to  a  weather  vane. 

Specifications. — The  documents  by  which 
manufacturei*s  are  lK)und  to  cany  thi-ough  work. 
They  embrace  everything  which  relates  to  the 
materials,  workmanship,  tests,  inspection,  and 
time  limit ;  and  tenders  are  given  in  accordance 
with  specifications.  To  some  extent  this 
subject  is  covered  by  articles  in  these  volumes 
dealing  with  materials,  tests,  and  workmanship, 
but  the  following  remarks  relate  to  some  aspects 
of  shop  specificati(ms. 

Every  section  of  engineer's  work  has  its  own 
particular  class  of  specification,  as  for  castings, 
lx»iler  work,  machining,  and  fitting  ;  si>ecifica- 
tions  covering  the  complete  motor  or  machine, 


defining  the  powers  of  the  inspector,  the  nature 
and  severity  of  the  tests,  and  so  on.  And  they 
are  very  strict,  so  strict  sometimes  that  firms 
do  not  care  to  t^^nder,  or  if  they  tender  their 
estimates  are  higher.  Or  the  specification  may 
be  in  moderate  terms  only.  Tests  may  be 
imposed,  or  they  may  be  invited  and  submitted. 
Some  specifications  when  drawn  up  by  un- 
practical men  are  ridiculously  unreasonable,  if 
not  impossible  to  comply  with.  Others  are 
prepared  on  broad  and  reasonable  lines  permit- 
ting of  variations  subject  to  the  approval  of  the 
inspector.  The  following  are  a  few  notes 
extract^  from  specifications. 

General, — "Tlie  materials,  workmanship,  and 
finish  of  the  engines  and  pumps  are  to  l^e 
respectively  the  best  of  their  kind,  and  no  part 
is  to  be  of  less  strength  than  is  equal  to  at  least 
ten  times  the  maximum  pressure  of  steam  on  the 
pistons.  Should  it  appear  to  the  engineer  that 
the  contract  is  not  being  fulfilled  in  this  respect, 
the  contractor  is  to  substitute  such  other 
matei'ials  as  may  be  approved  by  the  engineer  ; 
and  in  the  event  of  the  workmanship  of  any 
portion  of  the  work  executed  being,  in  the  judg- 
ment of  the  engineer,  imperfect  or  defective,  or 
not  in  accordance  with  the  terms  of  the 
contract,  such  portion  shall  be  removed,  and 
the  work  executed  in  a  manner  which  shall 
meet  with  the  approval  of  the  inspector." 

Qualitif  of  Materials f  and  Wtyrknianship. — 
**The  castings  shall  be  clean  externally  and 
sound  internally,  and  shall  be  carefully  fitted. 
Cylinder  liners  and  pump  working  barrels  shall 
be  made  of  mottled  grey  and  white  iron  as  hai-d 
as  can  be  bore<l,  and  shall  be  boi*ed  out  perfectly 
parallel  and  truly  cylindrical  throughout.  No 
stoi)ping  or  plugging  shall  on  any  account  be 
permitted,  in  case  of  any  holes  or  flaws  appear- 
ing;  nor  shall  any  portion  of  the  castings  be 
made  in  oix?n  siind.  All  bolt  holes  must  be 
bored  out  of  solid  metal,  no  cores  being  used. 
The  metal  (the  whole  of  which  must  be  remelted 
in  the  cupola)  shall  be  free  from  any  admixture 
of  cinder  inm,  or  any  other  inferior  material, 
and  shall  be  uniformly  tough  and  close  gi-ained, 
and  of  such  strength  that  a  turned  bar  having 
an  area  of  2  &i\.  in.  shall  bear  a  tensile  strain 
of  not  less  than  18,000  lb.  per  sq.  in.  without 
breaking. 
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"  The  gun-metal  to  be  free  from  specks  and 
blow-holes,  and  of  a  quality  to  be  approved  by 
the  inspecting  officer.  The  copper  must  be 
free  from  cracks,  seams,  and  flaws,  and  bear 
without  breaking  a  tensile  strain  of  13  tons  per 
«q.  in.  of  original  section,  with  a  reduction  of 
area  at  the  point  of  fracture  of  not  less  than 
20  per  cent." 

Or, — "  All  the  bearings  and  other  parts  speci- 
fied to  be  of  gun-metal  shall  be  made  of  a  strong 
and  durable  mixture  of  pure  copper  and  tin,  no 
lead,  zinc,  antimony,  spelter,  or  old  metal 
being  used  therein.  And  in  order  to  ensure 
equal  wear,  each  set  must  be  cast  at  once  with 
one  mixture  at  one  melting,  in  order  to  be  as 
nearly  as  possible  of  a  uniform  quality,  degree 
of  hardness,  and  colour.  All  bearings  of 
phosphor  bronze  to  be  of  a  mixture  or  brand  to 
be  approved  by  the  inspector." 

Sud. — "  A  specification  of  the  steel,  whether 
cast,  rolled,  or  forged,  must  be  submitted  (or 
the  tests  of  Lloyd's,  the  Board  of  Trade,  or 
other  bodies  may  be  specified;  or  the  brands 
of  certain  manufacturers)  giving  the  maximum 
and  minimum  tensile  tests,  reduction  of  ai*ea, 
elastic  limit,  and  cold  and  hot  bending  tests, 
from  samples  cut  from  the  materials  to  be  used. 
Steel  castings  to  be  carefully  annealed." 

WroiigKt  Iron, — "  Wrought  iron  muh<'  be  soft 
and  fibrous,  well  made  and  free  from  Inclina- 
tion, and  uniform  in  texture,  and  a  specificaV'*'^n 
of  the  tests  to  which  it  will  be  subjected  must 
be  submitted." 

Copper  Pipes, — "  The  whole  of  the  copper  pipes 
connected  with  either  engines,  boilers,  or  pumps 
are  to  be  of  the  very  best  solid  drawn  copper  of 
the  thickness  figui'ed  on  the  drawings.  Where 
not  protected  with  non-conducting  compositions 
they  are  to  be  got  up  dead  bright.  The  flanges 
of  the  main  feed  pipes  are  to  be  of  gun-metal,  the 
ends  of  the  pipes  being  riveted  into  a  recess 
turned  in  the  face  of  the  flange,  to  which  they 
are  also  to  be  securely  brazed,  care  being  taken 
that  the  spelter  is  drawn  through  the  whole 
depth  of  the  joint." 

Workmanship  —  Jointing, —  "  Every  flanged 
joint  is  to  be  drilled  with  twist  drills  in  place, 
and  fitte<l  with  turned  steel  bolts,  an  easy  di-iv- 
ing  fit.  The  cylinder  joints,  pipes,  cocks, 
flanges,  or  other  joints  (excepting  those  on  the 
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main  pumps  and  their  pipes)  are  to  be  carefully 
scraped  to  a  true  surface  in  oi*der  to  make  a 
perfectly  tight  joint  with  boiled  oil  only." 

Flafiges, — "The  flanges  of  all  pipes  of  the  same 
size  are  to  be  drilled  from  a  templet,  so  that 
they  shall  be  interchangeable." 

Bolts,  <&c, — "All  bolt  holes  are  to  be  accurately 
laid  out  and  drilled.  All  screw  bolts,  pins,  and 
washers  to  be  accurately  made  and  turned,  and 
the  threads  to  be  satisfactory  to  the  inspector." 

Cocks, — "The  whole  of  the  plug  cocks  used 
about  either  engines  or  pumps  are  to  be  of  gun- 
metal,  asbestos  packed,  and  of  Dewrance's  <»r 
other  approved  make.  The  whole  of  the  sluice 
cocks  are  to  be  of  the  company's  standard 
pattern  and  weight." 

Tests. — "  Tests  are  all  to  be  done  at  the  con- 
tractor's expense.  All  testings  ordered  to  be 
performed  on  the  contractor's  premises  are  to 
be  done  by  him  at  his  own  expense  both  as 
regaitis  labour  and  material,  under  the  direc- 
tion of  the  inspector.  Samples  for  testing  else- 
where are  to  be  sent  to  such  place  as  the 
inspector  shall  direct.  The  expense  of  such 
tests  if  they  prove  satisfactory  will  be  borne  by 

Messrs ,  and  the  contractor  will  be  allowe^l 

such  fair  value  of  test  samples,  including  their 
carriage,  as  the  inspector  shall  decide.  In  the 
case  of  tests  which  prove  unsatisfactory,  the 
contractor  will  be  charged  with  all  expenses 
both  of  testing  and  carriage,  and  nothing  what- 
ever will  be  allowed  for  the  samples.  In  case 
of  a  isumple  under  the  test  proving  unsatisfactory 
to  the  inspector,  all  the  material  representinl 
by  it  will  be  condemned  as  unfit  for  use  in  the 
work,  and  will  be  rejected." 

Test  after  Erection. — "On  the  completion  i»f 
the  erection  at  the  works,  or  at  its  destination, 
the  machinery  shall  be  tested  and  any  defect 
then  observed  which  can  be  traced  to  the 
workmanship  or  material  supplied  will  be  miuie 
good  by  the  contractor  free  of  all  expense  to 
the  purchaser." 

Painthig, — "  All  bright  surfaces  of  the  steel 
and  iron  work  to  be  kept  greased  or  oiled  and 
free  from  rust  whilst  in  the  contractor's  hands. 
All  other  surfaces  to  be  oiled  before  bein«r 
put  together  and  to  be  painted  with  two  coats 
of  approved  oil  colour  before  leaving  the  con- 
tractor's works." 
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